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ELASTIC PROPERTIES OF RIVETED nits 


BY CHARLES RATHBUN, 1M. Soc. C. E. 


— 


Synopsis 


i? 


nb 


Are: 


esigning floor for steel- 


nd. connections to assume that the 


608 


neglect the restraining effect: of e 


beams are > hinged at the ends, In ‘many other problems of stress 


in steel is customary to treat connections a completely 


that the end connections do provide some degree of 


‘Festraint there has been no means of ‘allowing for Ait. because no one has 

_ known, “numerically, how much restraint there is. One could not safely take a: 


advantage « of any saving resulting from the resistance due to bending, , created =, 
ty the connections. at d3 ni od it ang fo. 


Tests ‘of eighteen end connections of the thee’ most types 

steel beams, form the basis: of this paper.’ The writer has shown how these — 
data may be applied in the design, not only of aie beams, but also in the 
investigation of the stresses in frames, composed of beams sane columns, meeaene:. 

by these typical riveted connections, 

His analysis shows economics 


ral problems for 


 Nore.—Discussion on this paper will be. closed in April, 1935, Proceedings. 
1 Associate Prof., Civ. Eng. , Coll. of the City of New York, New York, N. Y. | iat 


Prepared from a diesdttation presented to Columbia University in partial fulfillment of 
uirements for the degree of Doctor of Philosophy in the wre h Pure Science. _ 
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ee a The p purpose of this paper is to record data. derived from a series 5 of eins 


of standard Tiveted beam connections and to show the method of incorporating 


in the Materials Testing Laboratory of the School of T echnology of the > Col- 


Se ; lege 0 of the City of New York. © ‘Some ‘idea i is afforded af the rigidity of several A 
types of connections and of the effect of yielding i in these connections on the ' 
stress di: distribution i in steel structures, such as building frames. 19. 
_ All the so- -ealled exact methods” of solution of the building frame und der 4 


loads: are based on the assumption (among others) that the horizontal mem- 
connected to the vertical may lead to serious error. 


Unlike the assumption that the members do. not change i in length 1 under stress, 
_ the effect of yielding in | the connections | cannot be. determined by the analyst 

. Laboratory ‘experiments : are necessary in order to establish constants 


to incorporate into any y analysis that may be made. if 


Little has been published on this important “subject; to date, only a few 

isolated tests have been made on riveted connections for the purpose e of obtain- 

ing some measure . of their capacity to resist moment. In 1917, a series of tests 


was made at the University of ‘Mllinois, Urbana, Il’ C. R. Young, Am. 
c. C. E., has conducted tests at the University of Toronto, Toronto, Ont., 


Guise primarily for the purpose of comparing riveted, with | welded, oad 


The writer knows of no other tests, at all extensive, on the subject. 
though it is probable that “many of the connections encountered a a 
wind-stress design of buildings will be larger than those represented in the 
Ps data herein submitted, the results of this investigation should serve as a guide 


n evaluating the properties of the larger connections. The capacity of the 


tenting machine limited the size of the specimens tested. 


Ra: paper consists of two. parts: ‘Part Ti is a report on a series - — 


beam connections the moment inducing and Part shows 
ae the @ necessary ee that must be made i in the formulas used i in the s several 


: * los 


__ PHYSICAL T ESTS (ON RIVETED CONNECTIONS 


a Ordinary shop practice was followed in fabricating the specimens 1 used in 


di 


this work, no special care being taken because of ‘the fact besa the ‘specimens 
in 


f the steel in the various ‘specimens: of these tests. 


§ Bulletin No. 40%, Mae. Experiment Station, Univ. of Iinois, Urbana, Ill. 


36. «The report of this set of tests was read at the Annual Convention of the American 
Society of Engineers in 1933, and pub. in the Canadian 
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PROPERTIES ¢ OF RIVETED 


7 


Weight, in elongation reduction 
_|pounds per| Elastic | Tensile Ned Phosphorus 


41.200 | 61 340 
43 220 | 60 540 
540 > 420 
950 

| 45 860 | 


44 810 
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tance . moment could be obtained. — These specimens may be divided into three 


types: Series . A, ‘Specimens 1. to (Fig. are standard -elip- -angle ‘connec: 
_ tions; Series I B, Specimens | 8 to 12 (Fig -1)a are seat-angle connections ; and 
Series Specimens 13 to 17 (Figs. 1 and 2) are a series of shallow \ 


braced connections. 18 was designed to furnish some ‘information 


wer e tested for ‘tee furnishing data from which their clastic resis 


were in -in. by lighter were ‘punched the orb age 2 


re rs Each specimen consisted of a central plate with an I beam abutting on 


F either side fastened by x ‘means of the standard connection to be investigated. 
po The ‘specimen thus" formed was tested by applying a load on the central plate, aes 


= while it was & supported at the outer ends of f the I-beams. Thus, the specimen 4 
oe acted as a . simple beam loaded ‘at the center r and a known inement was | induced 


Series A represents a type of connection that is ‘not designed primarily, to 
= 


e resist moment, and it is is customary to consider these connections as hinged. 
However, they have some ‘measure of elasticity and it ‘was hoped that 


tests would furnish the data “necessary to enable a ‘designer to estimate this 
elastici in those cases” where it ‘seriously affected stress distribution. 
designing Series A, standard connections | were chosen from those published 
in handbooks issued b by steel manufacturers, taking the double- riveted ee 
tions and the companion single- riveted ‘connections for ‘the 8-in., 12- in., 
18.-in. I- beams. Thus, a study of double riveting as it affected the stiffness of 


_ the connections was made e. The spread in size from ‘ho in, to the 18-in. 


+} -beams was as great as was “considered practicable. As the 6-in, 


eon nnection is probably the most common, it 1 ‘was s added to the series. A com- 
pa rison of the several connections showing the effect of adding a second row 


of rivets can be made by studying Fig. 3. * 
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Specimen 16, Series 


G-Beam 
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Series B was designed d teated in in find the stiffening effect of 
seat angles. Owing the superior lever arm of these angles over those in 7 

‘Series A, , these connections proved to be stiff (see Fig. (a)). 
"Although it is ‘not common practice to. place seat angles at both the top and 
= ottom of the I- beam, it was ; thought that a better balanced connection for i 
~ the purpose e of t these ‘tests would be thus obtained. A variation from common 
practice was made in width of the angles and in the combination of 


angles and clip angles. From a comparison of the curves thus obtained 


Fi ig. is ‘one can form some estimate of these several 


4, 


= 


Moment in Millions of Inch-Pounds 


| 


3 


Fig. 3 a con 
wind- braced basin . No definite standards ‘were available, 80 > the writer 


designed + these units. Specimen 13° was designed so that the failure due to 


in the rivets might be. anticipated and that, before such a failure would 
occur, the shear rivets would be badly overstressed. In Specimen 14 the 
ee sion rivets. were increased in in number over those in Specimen 13. Specimen 15 


es was a re- -design of Specimen 18 for heavier construction, and Specimen. 18 is a 
_ companion to ‘Specimen 15. ~The | comparison | of these two should | give some 


-Gdea of the effect of inserting a post in place of the plate. Specimens 16 and 17 F. 
pe. es designed to permit a study of the effect. of a double row of tension rivets. 


' The members in this entire series: are graded in size from the small ‘12- -in. 
beam to a specimen as large as could be handled in the laboratories. 
The in the anticipated load was less than 60 000 1 
screw machine of that An beam was la laid on on fhe bed 
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of the machine i in order to support the 5 ‘the was applied at 
the rate of 0.05, per 1 min; and the machine was kept in n balance, but the 

load was not it yereased, while the readings | were being taken. For ‘specimens 
5% in which the « anticipated load was greater than the capacity of the 60 000-Ib te 
_ machine the tests were made in a hydraulic machine of 300 000- Ib capacity, ae. 
A and the bed was extended as before. T he supporting beam was from the same 
stock as the specimen and deflection Teadings | on it “permitted a 


between the beam and the connection, att ih to. irate. 
Al the specimens were whitewashed so as to accentuate strain lines and > 
deformation in the rivets and plates. During each test, a careful ‘Tecord was Pr 
a of the deflection of the center plate relative to the end supports. > This a 
Be aided the operator of the machine materially in judging the increments of load ie “ 
and the ‘time at which the test should be stopped. yt The : amount of this ee 
e ‘tion was obtained by 3 means of two Ames dials’ supported by a bar that rested 
rods fastened to the ends of the specimen. The stem of the dial was in con-— 


a ‘bracket secured to ‘the central plate, a as in — During the 
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of Fic. 1G. 4.—SPEcIME? 16, SHOWING POSITION oF THE SEVERAL DIALS 
on } AND METHOD OF BRACING A SPECIMEN AGAINST BUCKLIN 


test the: average of ‘the: two dial readings: was plotted, , but: the carve - 


accompanying curves. For s a curve to be of value, corrections would 


: Ba to be made for the shear deformation of the joint and for the elastic x 

deformation | of the beam itself. _ Although these corrections are appreciable, 
the dials proved ‘advantageous: for the purpose intended. For ‘the tests. of 
Series A and B the side bars were brass, } in. 1. by 1 in. in cross-section; and 


for Series C and Specimen 18, a 3- -in, duralumen channel was used. 
Fora simple beam under : uniform load, with a deflection of 5 


s span, ‘the angle of rotation of the end of the beam is about 0. a dla. 


‘When possible, ‘the | tests | were continued ‘until the deflection of the connection 
"exceeded this value. In a few cases this was prevented by the limited ee 
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"Series B, the: seat were in the way of the clamps, shear 
would occur: between these angles and the I-beam, a different design was 
requixed. flanges of the stubs of the I-beam in Series C interfered with 
a8 ic the stem of the dial, and, in addition, the web of the stub interfered with the 
: os as in Series B. The special holder shown in 1 Fig. By was made to carry a | 
| the dials i in Series B and C. It was designed to furnish a three-point contact © q 


ag clamped between the flanges of the I- beam. first designed the pointed 


nts" were springs, ‘as shown in ig. 5(b). 


for 1 nd 2.in. 


. F ae the stems of the dials could not be brought i in direct contact with the central 
ee plate, so steel bands of iron (1 in. by 4 in.), were placed around the stubs and . J i 


plate. a ‘In the tests involvng the stub Tbheam (Series C, and Specimen 


"dice secured to the plate by set 8 screws at the elevations where t the dial stems would 6 ‘3 
come in contact with them (see. Figs. 4 and 6(c)). was as taken that the 


bands | did not touch any part of the Specimen | except through the set 
a assuring the condition that they were stationary relative to the plate. 


In Series. B and another set of . dials was secured to the flange of the 
I- beam, but back of the connection, shown in Figs. 4, 6(b), and 6(c). 
css Readings from these dials were for the purpose ose of securing data that on 


be of. -value if an accident occurred to any of the other ‘Totation dials during 
Be the “test. . The data thus obtained have not been incorporated in this paper. _ 
‘Fig. 6 shows schematically the location of the various dials and t the general 


lustrates the man in which connec- 


: “specimen was tested by loading i it on the central plate, thus inducing 
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tions in A failed. “The badly without visible distress 


4 in the rivets or in the I- beama. The tests seem to ) confirm the general impres- . 


sion that this type of comneetion can b be to considerable angular 
at! the e connection = 


¥ 


Figs. 7(b), 7(c), and 7(d) illustrate the manner in which the three types 


studied in Series B failed. Compared with Fig. 1d), Fig. 7(b) shows the 
peculiar effect, of widening seat angles, whereas Fig. shows the combi- 


nation of ‘seat ‘and clip angles. is to be noted that the serious stresses, 


e = . apparently, a are confined to the lower seat angles, and in some cases to the 


rivets: in the lower seat t angles, but not to the I- -beams From ‘this, it ‘might q 


be inferred that, ‘the connection can be stiffened ‘materially by increasing the 
pi (In the test s specimens in 1 all cases these angles — 


thickness of the ar angles. 
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The: effect). of lengthening the ‘angle may be by 


paring the’ of Specimen 11 with that of Specimen 12, in Fig. 8. 


12, SERIES 
and manner in whieh | specimens of Series. 


All rivets. 


SPECIMEN 13. 


fie. 9.—F. AILURES or SPECIMENS 13 AND 15, Series. 


(Figs. and 9(b)) was a case of direct shear failure. Some 


tensile deformation: of ‘the rivets: was clearly. visible and. the flanges of 


4 
al 
TIC PROPERTIES OF RIVETED CONNECTIONS — 
failed. The 1 
| connection showed weakness in the rivets early in the test.” 
— 
the 
showed a considerable deformation and, doubtless, the previous failure in 
the. tension rivets had not occurred, the connection would 
ges, A horizontal shear, with a slight increase of load. The flanges of the I-beams ss 
the 
ight 
the 3 


m the tension were deformed. This connection failed 
16 (Fig. 2) failed by tension in the rivets, with some small 
a deformation of the flanges of the I-beam, — in 17 (Fig. 2), > 

= 

tl 


= 


: 
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fe 

iry “adie: of in Cc are illustrated in Fig, ‘11. 

e lines of shear i in the I- beam of Fig ig. .11(a), are clearly visible, as is also the ‘ : 
4 


) shear. This test gave no visible e evidence of 


vase 


. The method of placing dials for the > specimens of Series 


Oi is shown in Fig. -11(b). An other view (Specimen 15) of the shallow wind- 


racing connection, after the rivets had failed i in shear, is shown i in Fig. . 11(0). 
n Fig. 11(d), ‘Specimen 16 reveals distress in shear as well as rivets that have 


; or: ae Specimen 18 (Fig. 2) failed in a manner so complicated that it is difficult 


to compare the results: of this test with those of its companion, Specimen 15, 


point. Fig. 10 the general action of this 
: _ The stress d distribution i in tension was high i in the central rivets and low on - 

“The column section used was so short that the ev curves” obtained do not 


properly represent | the ‘effect due to a column: of ‘considerable length. The 


difference i in the curves of Specimens 15 cand 18 is than 
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In Specimen 

mation due to shear on the rivets was visible and on the L beam 
is indicated that the connections had passed their limit of working stress. In re 
feted this specimen, experience wit with Specimen 13 led ‘the writer to sob ; 
pate a shear failure. After obtaining the stress reading for a a load of 80 000 Ib, re 

the load was removed. This gave a set of curves that compare with the 

remainder of the series. load was then transferred from the central plate ¥ 
toa ‘point over the ends of the I-beam, thus relieving the shear on the stub — 


> aneaadhl and the test was re-run to a load a 105 000 lb. In plotting the curve 
< 


SPECIMEN 15. 
Fi 11 or Srectunns 14, 15, AND 16, Sm 
“of the second run the effect of a decrease in the length of d er arm was 
taken into consideration. The point | of zero deflection 1 


:% ¥ load « on the ‘beam; it was not read as the deflection due to the set from the 3 


cult _ previous load. . Failure did not occur in the connections of this specimen but ae 
15. at’ one of the supports, where the I-beam buckled. 
the specimen had not been destroyed, , except for ‘the buckling of one 
flange of the I- -beam, it was | inverted and replaced in the machine in 
that.a. study of ‘the reversal. of stresses might be obtained. In this third run 
‘val ” on . the specimen the loads were placed over the ends of the T-beam and not on 
The _ the central plate, primarily because this edge of the plate had not been milled 
‘ for this type of loading. The et curve obtained was of an entirely d different type 


from that of the others in this entire series of tests. ‘This curve a 
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6, and 17, was encountered 
of the tendency of the ‘specimen to buckle (see Fig. Stiffening 


angles were ¥ welded at the ends of the supporting beam, , and angles 


hes clamped to the ends of the : specimen. In. addition, angles were bolted on > 


_ either side of the specimen. . These a angles were braced to the building to a 


“vent ; a failure due to the uy upper ends of one of these sets ¢ of angles swinging to 


a he north, whereas the 1 upper ends of the ¢ angles « on the op opposite end of the test 


_ specimen swung to the south, © Care was taken to ensure that the bracing did — 
ne not interfere with the rotation of the test specimen on its supports, and thus — | 


‘Dials E to L in Fig. 6(b) to Fig. 6(d). The rotation of each connection was 
_ obtained by noting the difference i in reading between the two dials on one side 


-beam | and dividing it by the distance between the two dial stems. a 

cond 

of observations on this same point. The readings on the “second connee- 

of the ‘specimen were. obtained i in a similar manner and the two sets of 

observations on connection were averaged. _ Thus, each be 

considered. as. a. test of two connections, one ¢ on the right. side, and one on the 


left side, of the plate. These two, tests were practically | independent of each 


other, ‘except for some slight deformation of of the central plate. 
| 
“In order that the variation between the | two tests may be : seen, * the curves i 


"showing: the angular rotation: “plotted against the ‘moment have been drawn 


for both connections in Figs. 12 ‘to 23. The average is plotted i in full and, 3 
a. this curve, the data in Table 2 are taken., The an; gle of rotation, is 
expressed in radians or, is the same thing, its ‘tangent, the 


moment is expressed in inch- pounds. It is to be noted that all the are 


of the same general shape and have no 
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tangent | relo ‘Ultimate we tangent | relo 
at origin, | curves, | moment, Test at origin, 
in (10)8 in (10)8 in inch- | ies 
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curve 2 of the average the connections has” 


“the connections have been ‘obtained from their 


ae Table 2 gives two constants for each type of connection tested, aren a 
5 ae average curve. ee Column (2) gives the slope of the curve at its origin fora 
connection that has not been previously ‘strained.. Column (3) gives 1 the slope 
of the reloading curves. 4 All these slopes are in inch- -pounds. The ultimate. 
moment imposed on the s is given i in ‘Column (4) except in 
cases indicated, in which the or other cause Prevented 


carrying - the test to failure. 


of used, pheas and the moment effect were | 
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ry 


re 


toad on Each Joint, in 


= 
alg 


f 


0.03 (0,005 0.010 o ©. 
Deformation i in ms 


0.01 


— she 
— 
— 
— 
= 
i 
— 
— 
— 
“jon 
— 
— 


, 


| 


995 mastic PROPERTIES OF RIVETED 


m.each as far ‘is 


objection as they have. little effect: on 


_ concerned, especially i in the range of working s stress. ij In actual p practice both nig 


na con a 


shear and moment are present in a connection when denien. stress. In all the 
tests effort was: made to obtain stress- deformation ‘curves for the connection 


tical and given in this p paper. 
were not satisfactory. The were. to resist 
shear, but not “moment. In Series C, however, very interesting data were, 
- cbtained, which lead one to believe that this type of connection is much more a 
oe in . shear tl than has heretofore be been n supposed, — In no specimen of of 
this series was special provision made for shear, Although it was besionalt 


5 
fe 


the 
| 


pave 


Load on Each Joint, in 


3 
~ 


- 
aved noi 


Fic. 25. MAT Dus | To SHear, SPECIMENS 15 


questioned whether these connections could take enough shear to produce 3 
ultimate failure moment, it was thought that adding clip. angles would: 


complicate the interpretation of the results . Thes series of tests. was designed im, 


as a study of the effect of moment and not of shear. pitty odd Yn 
4 
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Seriés C the shear dials were » clamped to the I-beam as midway 
ri! ae ele the e flanges as possible, while the stem rested on a bracket secured to 0 
the central plate. “All dials registered to 0.0001 in. .The readings of. these 
ae sdials: had ‘to’ be corrected for the 
. Fx ‘angular change of the I-beam due 
3 rotation of the connection before 
the shear curves were plotted. The 
| curves” were drawn with the verti- 
‘eat: displacement of the connection 
plotted against the load on the con- 
This latter 3 is one- “half the 


“load ‘the specimen. Figs. 24, 


2s8858 8 


4 


|_| [Specimen 17] capacity of this type of con- 


reinforced. by clip” angles, or 


Load on Each Joint in Kips. 


other means. = plotting the 


95, and | 26 give some idea of the 


shear t curves the second 
om {et Specimens and 


ches 
an as the from “te 


PART I—APPLICATION “TO FRAMED STRUCTURES 

In order to facilitate the of the effect of 


‘a the several methods of frame analysis have been expanded to include this 


as a factor. The ‘methods of Slope Deflection and Moment Distribution have a 


been considered. ‘The. Theorem of Three Moments. has been rewritten 
. include elastic connections and the Deformator Method of stress analysis is 


= Bist It i is to be noted that, few of the moment- -rotation, curves | obtained « experi- 

> 
"mentally in Part I approach a straight: line even in the lower values, — This 


ie makes it necessary to assume | an arbitrary value for the moment on the con- | 


ae nection, or for i its angular rotation when substituting i in the formulas involving 


the elasticity. connections. After” the ‘moment on this connection is 
Pes, _ puted it can be compared with the original assumption and the error corrected 


oe Stated in another ' way, as the curves of Part I have no mathematical « — 


when other than’ approximate results are “ei ots 

or the purpose of yielding a first approximation to provide a 

comparison of the properties: of the the 
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beam uniformly. loaded and connected at each end to a rigid col 


“cach of the connections listed, has been analyzed. 
uly In expanding - the formulas of the : several methods it is ‘assumed that ‘the ont x 


bird 
is familiar with these methods as applied t to frames with rigid con- 


x nections. The formulas. found in texts on the subject are first given for 
comparison with the expanded form. Their derivation and use are omitted 
as they can readily be found in numerous books on the subject. = These equa- oa 


tions are followed by the corresponding formulas, expanded to ‘include the 


effect of elasticity in of the “expanded 


The notation adopted for this paper conforms essentially’ with ‘the 


ian Standard Symbols for ‘Mechanics, Structural Engineering, and. Testing 
ESBS th = heights of supports in a continuous beam. & = a 
width of member at base of groove in rmodel, 


a 


LB im 

width of rectangular groove in model. = 

toms length of the member of a model, corresponding to len gth, L, 

a coefficient for moment in Table 3 a = 


* =. coefficient for moment in Table 3 = 


a 


"distance from. ‘right omter of. eravi rity 


deflection ; also, variable distances measured ‘parallel: to the 


23 obaat ai Y-axis. han binit dot ste nodW 


4 


area of the moment curve due to transverse loads, the member 


being’ considered as a simple beam. 


= modulus” of elasticity; Eo modulus of elasticity of 


= 


rectangular of inertia of a cross-section of a member. 
L = length; nominal length of a member  diatiiite from center to ‘ae 


A  eenter of connections) ; and L, = transformed lengths of 
member as defined in Equations (18) and (19); = nomi- 


Yah nal length of the member in Span a; and = the length 


the member in Span BC, transformed by the connection 


M = moment; ‘Me = moment at ‘end of a loaded beam, with rigid 


‘abstot Ff connections ‘and with: length; Ei 


S = sections modulus of a cross-section of a member. 


Glerm 


4 
q 
4 
4 
: 
4 
— 
| 
| 
= variable distances measured parallel to X-axis; = distance 
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owe: 


‘such MZ On = angle of 
pipe. the connection due to moment, M, values of Z being taken — 


a 1 = ratio of the deflection of one end with respect to tl the baa end, — 
to the length of the member (Fig. 27). 


Ager 


= Op = slope at right end of at 
A = displacement; the displacement. of the cantenl support from a 
ed line joining the two end supports in a continuous beam. é | 


elastic _ curve; angle of rotation: “connection; 
Oe = MZ — angle of rotation of the connection due to 
moment, M, taken from Figs. 12 


ratio of characteristics of a model its t= ratio 

_ between two expressions for rigidity i in model and prototype; — 

t = ratio between two expressions for elasticity in om 


end connections are and allowance i is ‘made for the 
ies 0 


Z and M, such that 


= = = “angle of ‘the connection due to ‘the moment, 
‘The | signs of Mn, 04, 6», and a i n Equations (1) to (5) are positive as 


indicated te Fig. (27; that i is, the moment is positive | when it tends to turn 
the member jn a -counter- direction, Angular changes are 
- 


— 
— 
— 
— 
— 
— 4 
1 meth consists or me onnections: are rigid | 
— ‘to thé! ana ysis of 
to the: tal formulas ie 
the three fu ‘be 
— 
— «| 
— ° 
— 
an 
— 
— : 
— 
— 
— 
by 
— 
— 
(2 
(g 


¥ 


oS Me 4 and Mes are the end moments on the beam (considered fixed at the 
by rigid connections in (1), Q), and nd (3), and by elastic 


y 
hare airy 


connections in Equations (4) and (5), due to external ‘the beam 
For the rigid connections these values are = 
he 


q the. convention the beam theory (positive moment “produces 
_ compression = the upper side of the > beam) and not the convention designated 
by Fig ig. 27. By following the s signs ; given in Equations ne! ) to (5), 


al By replacing by L in (8), and (9), on a. 


a 


— 
i 
— 
— 
ya 
— \ 
— 
— 
4 
ul 
q 
: 
— 
— 
| — 


By making Inn equal infinity (a hinged, on at B) and . 


equal to zero (a. rigid connection at A) in Equations (4) and (8), Equa- | 

applying the deflection method to a rigid frame with riveted 
connections the only change from customary procedure is the use of Equa- 


tions (4), (5), (8), and instead of Equations (1), (2), (8), @), and 


(7). _ After the values of L, are ascertained little more work is required in — 
Derivation | of Formulas—To ‘derive the necessary formulas consider the 
member shown in Fig. 27. This | beam is acted upon by loads (shown a as a 
single’ load, producing a moment curve, abe ), and the end moments, M sand 


2 All of them acting simultaneously, produce the moment curve of 
“Fig. 27(b). 


% 

It It is ‘to be noted that although 4 is positive, it produces 

ae negative moment on the: moment curve. _ The a 


— -curve is shown in Fig. 


and is. obtained. by dividing the ordinates of the curve of Fig. (27(b) 
by the corresponding EI-value the The ‘area of curve 


2 
an change nd i is The differential area, 


ve change in the beam | at the point where this area 

is ‘tabs. ‘The effect of the elastic connections is to cause a change in the 
ia slope of the beam at the point where the connection is located. As stated 
es previously, this may b be taken as M Z and, like the ‘Stee of # the curve, is q 
24 “dimensionless expression. sh It is the Fig. 21 (c), by the 
heavy lines labeled M,Z and M,Z. 


wit 4 


{8)° From Fig. 27(e) it can be spon thet the deflection of Point B from a 
- tangent to the curve at Point A is (0, — a) Le It must be remembered — 
that such angles as 6 and @ are very” cmeall and not as ; shown in the diagram, 

hence the tangent of the angle r may be taken as equal to. the angle. This 
same deflection can first moment of 


hie may be simplified into: 

fe dey on 6 EI oft to 


3 E 14, 


(10) 


— 
— 
— 
— ma 
— ad) 
— 
me 
4 | 
— 
we an 
oy 4 
Ane: 
— 
Eq 
val 
— 
— = 
— 
Fi 
— 
— 
— 
— 
— 
— 
ie es. the ——-curve about Point B and adding thereto the angular change at the ff i 
3 
= connection, A, multiplied b 
- 
— 


hss 

Calica by 6 E Ia on (10) be 

M, — L Mg = 6 EI (84 — a) =0. fee 
aking ‘the deflection of Point A ‘the ‘Point Bin 


‘The v values of and My can be obtained by solving 1 Equations an) and 


(13) and are identical with (4) and (5), when the 


values of Mes and Mes are substituted from Equations (8) and (9) 


‘second “method of obtaining Equations (11) and (12) is by 


- jugate beam method. ‘The s lope at the ends of a beam are the same as the 


BB ‘reactions of a conjugate ‘beam of the same length carrying the ——-curve 


load. = ‘Let these be denoted by 6 and y. Computing these 
q values by taking moments first about Point B and then about Point Ay 


‘Fig. 27(c) and noting from Fig. and 


Equations (11) and (12) are obtained at once. in 


q 


4 


] 


php (b) Moment Curve He 


cuive 

nd ‘The expression, is used instead of 


3 EI Z for the purpose of simplifying the formulas. As BEI Zi 
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in units of length it may be visualized as ‘the ia in the length of the 
member due the elasticity of ‘the connect on: ns and may be visualized 


as the transformed length of the member. 


q 


j order to obtain a more accurate expression for that takes into 

Eee count the stiffening effect of the connections bed the types shown in \ Fig. 2 28(a), 
ey 


. The 


moment at End B ‘may be considered 2 as zero. ‘The moment on the I- beam i is 
Zero at the end where the instruments measuring Z The 


~ fomary assumption is made that the shear (horizontal) i is distributed equally 


rivets and that the moment curve is straight in the connections 


one of stepped as shown in Fig. 2 28(b). T The angular fee; due to this 
stepped moment in the I-beam is, then, My = approxi- 


> i, _ mately, and the total deflection of Point B from a tangent to the curve at 


may be written as: 
Ma Za (L —a) + MaZy(b+2)+ 


uatio 10), 


Placing these two ) expressions « ‘equal will give a corrected definition for Da: 


é 


The last term is all “except beams, When it 


‘the on beam partly the ‘expression, 


2D, x “occurs in the ‘equations. By y substituting 3 for 2 I, + L, these 


plified. With this definition of Ls, becomes: 


2e{1— — 


tion’ due in ‘the connection which has been nected in 


—D opping this term and the others tha t may be negligible: 


EIZ—8e 


= curs 
— | rest 
in I 
f t 
— 
— in y 
| tion 
— ist 
— “3 
ne 
— 
— 
— > fron 
— “5 
— 
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Dropping t m 
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— 


the The Beam Partly Restrained ‘the Ends. —Probably the case ‘that oc- 


curs the greatest number of times in steel design i is that of the beam partly — 


restrained at the ends: by the connections, It is customary in designing 
such a beam to consider the connections as hinged. however, the ends” 

are partly restrained by these connections the moment be ahr as shown. 


in Fig. 29(b), and a material saving can often be made. find the 


* 
of the ‘negative moment at the ends’ of ‘the beam, weekly (8) a an d (9) 


are used in conjunction with Equations (4) and 


— beam with fixed ends is only a special case of the beam of Fig. 32, 


in which, | Ga and a are all ‘gero, and therefore the ‘first. terms of Equa- 


3 The ‘Partly Restrained Beam Under Uniform Load. —Of especial interest — 
is the beam fixed at the ends by « an elastic connection and loaded uniforml; oy 


throughout i its length. To find the value of the negative : moment, the vole 


values substituted in Equation (8) or in Equation | (9): 


in which, the value of is given in n Equation = 


m moment at the center of the ‘span is: 


Ts 


w L? + Mes w — 


s=- 


wT and q w thus and q: 


== | (3) 


f the moment at the center of the span is not numerically greater than “ 


at the end, the I- beam at the connection governs the limit of the load 


Te cognized that the evaluation of the unit stress in the I-beam at the Nc 


rection is not as simple as herein implied doubtless, the stresses 
connection g govern n, rather than in the I- beam, "near ‘the 


The importance of th terms” Ec 


“demonstrated by an example. this } Purpose a beam of a Tength equal to 


— 
— 
3 — 
4 
— 
— 
— 
wai 
— 
| 
an are assumed equal to 
= 
\ 
7 
4 =< 
j in. le3 gives 
18000 Ib per sq in. Table 3 gives = 
| of sufficient value to give a fiber stress of | — 
| |) 


3. —Inorrase ‘or Carryina 
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= 


ONNEC 


ot 


— 


TIONS 


hh 


Section | Dis- 

pe modulus, | tance, 
| S,in | a,in 
| inches inches 


his @ 


Dis- Length 
tance, jof beam 

e,in | L,in | 
inches| feet 


in inches 
rye in inches 


nection, 


12.5 lb.. .} 8 | 
18.41b...| 56.9 | 
18.4 lb... 56.9 
31.5 Ib...| 

31.5 Ib... 

54.7 lb... 

54.7 lb...| 

31.5 1b...| 

31.5 lb... 

31.5 lb.. 
31.5 lb... 
31.5 lb.. 
16-in. G-Beam @ 83.0 lb.. 
22-in. G-Beam @ 101.0 Ib... 
16-in. 83.0 Ib.. 


90 90 


| 


1 161.6 
2 557.2 
1 161.6 


8 


| mm bo 


12-in. I-Beam @ 31. 5 Ib.. 
12-in. I-Beam @ 31.5 lb.. 
22-in. G-Beam @ 101.0 Ib... 


8 
215.8 

557.2 


‘| 
‘Vi: 
m |2E1Z, 1-5), length of | 


rans- 


(12) 43). 


| Moment at 
T center of 
formed | beam, Ma, 
inch- 
=18 0008 


(15) 


0.969 


.984| 


6.0 
8.0 
8.0. 
12.0_ 
12.0 
18.0. 
18. 
12. 
2. 
2 
2. 


| 


1 
1 
1 
12. 
16. 
22. 


= 648 000* 
648 000* 


| 
4 206 600* 


19+ 


12.0. |0.969 


12.0 
22.0 (0.983 


Compurations FOR (Continued) Ay . 


Mie Load 
in on beam 
in inches (as | 


| restrained 
| acheck on | allowed on 


be by con- 
train nections 
(17) 


as) | ay 


1 285 
BAT 


ree 


~ 


aL. 5 


0.0015 
0.00105 


150 
0.00055 


159 
255 


425 000 
363 000 
1 890 000 


| 400 


000 


a 36 000 
127 600 


— 
— 
Th 
whe 
— asst 
— 8 |. buat abs 2e(1-£) | Eq 
— 
‘Sine of beam of 
9. | 2. | 58 000 
984, 9 
— 0.984, 9 B00 
0 |0.984) 9° 945 000 
0 |0.977| 25 ay 398 000 
‘15 16.0 |0.977| 37+ | ta 
| 57700 | 300 | 2810 | 2 
| «613 | 608 B19 648 000 59000 | 71860 | 
if a | | 1 501 200 | 349 000 id 3000 
| 589 | 1 591 200 000 | 36.000 $3900 | ell 
| 0 208 | 648 360 000 36000 | 56 20 | ° 
0 227 | 648 000 | 108 100 | 210 
0 263 | 2 593 800 | 2 460 497 600 | 248 100 F 
4.206 600 | 3 980 206 400 | 
2 593 800 | 2 360 000 | 108 100 


OF RIVETED CON 
i In ‘computing the first fifteen connections in Table 3° the v alues of My 4 were 


"assumed, ‘the values of MZ were read from the ‘curve, after which 


From the formula, = Ma (obtained from 
Mi 


‘Equations (24) and (25), ‘the ‘assumed values were checked. he these cases 
& the values of. Ma were taken as 18000 S, in which, S is the section modulus ~ 
of the beam. the case of Specimens 13, 14, and 17; the stress at the 
ear of the beam hen than that at the center was the determining factor. 


‘moment, Ma, ‘computed from the reciprocal formula, M, 


= M,(1——— 29 .it is Mc =4 wT, 

the formula customarily used i in solving sv, s problem, The i increase of strength 


is in Column (19), 
000 S — ra 
at 


SSSSSSSSSSSSSSS | 


The theorem of moments may be written (see. 
Ma + 2 Me + 6A 

‘ 
Bawation (90) is found in many all of can be transformed 


4 
~ 


nnections is taken into ‘consideration the 


y in its second sees which becomes 
Lpa | +) + Me + 4a “a 


his theorem (Equation (26) a and Equation 
al case reac. derived from = deflection equations. 


| 
= 
| 
aa 

— 
— 
< 

— 

ca 

tion is given by the express —— 
— 

—f Table3S 

— — 

= 

— 

— 
| 
— 

— 

»H 


presses only the relationship between the on beam on 


three supports, the elastic properties of the beam, and the moment cat the 


- deflection of the central ‘support. The end moments are considered a as loads. 
regs derive Equation (27), it is only necessary to: note that the slope of 
eet — at Point B, i is the same as the slope of Span BO « at the same point. 


Lexi 


‘becomes infinite, while for a beam with a the ight 


Span AB substitute the following 3 in Bavation Thus, Mis Mes 


a ; an da 4 
Aa 3 Aq Mala 


bet 
ntage e the fact are : 
Mz + M, + 


Subtracting Equations (81) ‘and (32), (27) follows. 


This comes from the oe of the 
heights of the 
a line when tl 


— 
— vil 
(or: 
— ile § BC is hinged at the right and | 
— 1 at the right, whilé Span BC is 
eonneeted at the right, 
ye" 
ab 
: 
i 
— req 
— 
— 
— cas 
— ti (27) for Span BC, M, = A 
— Mel = A, obtaining: | 
— 
i 
— — 
— 
» May be replaced by - 
figure, in which, hu, hs, and 
— made that they are § 
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a For the special case 


beam carries a uniform load, “Equation (27) becomes: 

MEN ISTRIBUTION 


In the “moment distribution method of analyzing rigid frames, three 


‘groups of formulas are required: he moment induced at either end of 


in 


a beam by loads when the beam i is considered as fixed- ended; (2) the moment 7 


4 induced at one end of a beam by a moment imposed at the other; and (3) th the | oa 


rigidity of the beam with respect to a moment at the end. . 
atl! Equations: (6) and (D,. and the last term of Equation (3), fulfill the 


i requirements for the first group when no correction is made for the yielding ; 


_ of the connections; Equations (8) and (9) fulfill the requirements when this — 


actor is taken into consideration, ta att gtx 
In the second group of formulas, the carry- over factor is 0.500 in ‘the 
of rigid connections. . In the case of elastic connections this 

be obtained from Equations (13) and (14). Let 1 the beam of Fig. 


he 
the one under consideration; let 0, = 0; A= = @; and « a=0; then: € 


Eliminating between n Equations (34) a and (35): 
“he earry-over factor then is - - which reduces to 0. 500 when [sp is equal 
& In order to find the rigidity of the beam with respect to the moment . 
End or End (whieh is given the formulas, 6, = —4~ an 
, for rigid connections), it is necessary to solve Equation 


a 


a 
of | — 
— 
nt. 
oft | ae 
Te 
» 
d — 
1d, 
= 
— 
— 
4 
: 
0) 
— 
| 
— 


Miz 


4 


(37) (38) are the from ‘stiffness of the 


beam may be determined when n computing the unbalanced moment distribu-_ 


tion | about a a joint. If Lh =. L in Equations. (87) and | (38) the usual 
for ends rigidly connected End A is hinged and 


as Tn dle and 


Consi -Stiffiné 

‘Perce 


wag 


tot 


Ib per ft 


31 —A Continvous 


“These ‘two ‘problems are. in a a parallel 80 ‘that a 


comparison can readily be made between them. 


Rigid —The fixed- end "moments, e, for (Fig. 


4 


mich. 


E = = 9.93 E@ 


(215. 5 .8) Ho 


— 
giv 
— 
wil 
— 
— 
— oelastic 
( tribution method ‘due vo € Jem | points 
Infinity. | lution of a problem “Point 
les.—The changes in ated by comparing the solu of the 
Examples. an best be illustrated by comp the Lengt 
actions can best be ith that of one 
— 
— 
3 
— is continuous. “The 
Point C, is ¢ | 
— 
— 
— Balt of al 
— 


ite 


Elastic Connections.—It is first necessary to I, for Beams BA 


and BO. In both cases the sre low and the tangent at ‘the 


ore accuracy, "Therefore, the gi en in Table2 


— 0.03 |- 0.025 


- — 28.29 28.28 -7 895 


+ 


=t 152) (1 ) 


of 
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4 


ing 
(479) 


3 


od =6. AZ = (6) (22) (120) 40 


120)? (500) 
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al 
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2m 
he | 4 
; 

= — 

ig. 
| = (72) (10)* — 
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£0 for thn od 


1, but for the 


= 


Tho etifinese factors, K, for the several beams are: 


ro, = (2. 24) GE 

Using the for regoing values and computing the moment distribution the 


same. as in ‘Fig. 32 , the results, considering the ‘connection at Point B as 


05008 


0.99 | 1.03 


33. —Coururarions FOT THE BEAM IN 31, THE C 


+ 
® 


= - 800; and M. = 


portional | to those of the structure. This proportion applies” to the 
ores The widths of the various parts of the ‘model, as d, are computed 

that the cubes. of these sneibe:s are proportional to the | moments of inertia 


The rigidity each ‘member proportional 


— Papers Jar 
— to - 
195 
en of 
— 
— 
ti 
— rat. 
or, 
— 
— | 
— 
— 
— 
= 
Eli 
DI 
— 
— 
— 
— 
him Fig. 60. Lhe resus May be Checked DY 
SHOWN IN iting the proper values in Equation (33), with 
three moments by substituting odt bis 
The analysis hy or other elastic material. In designing be 
model cut from a sheet of 
— ‘id 
‘si 
— 
of 
for 
4 
for 


these two expressions for rigidity is t,, then, t, = 


ts The same ratio should exist between the elasticity the connections 


in e structur n j = — 


> 


uch which, is the scale ratio of the 
models is the width of a rectangular — 

groove cut. in the member at the loca- 
of the connection ; a is 


ed 

“Eliminating tr between Equations (39) and (40), lasix: Near 


the 


The tests described in Part I give the elastic properties of eighteen con- 
nections of three distinct types (see Figs. 12 and 26, and Table 2). i —— 


tests showed that the connections of Series A ean be deformed through 


angles considerably beyond working conditions without affecting 
capacity to resist shear. The connections of Series B possessed this prop- 
erty in a much smaller degree, but are capable of deforming within the 

working range. The deformations i in Series A and B are due to the yielding 
of the angles rather than to the rivets | or main members. ‘The connections _ ye 
‘shown, as Series are comparatively rigid. Their of can 
4 controlled | by detail of design. 


Part indicates ‘method of structural frames when con- 


of the beam”, | have developed into the formulas: 


or stress by the deflection, 1 
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PROPERTIES: OF. RIV TED (0! NNECTIONS 


a aving resulting : from utilizing the resistance of the connections in designing 


simple. beam is indicated in Table 3, where it is shown that the load in 
some cases may be increased more than 70% by utilizing the support given 


is ‘freely given to the following for materia assistance 

in the ‘preparation of this paper Pistor, M. Am. Soe E, 

through whose interest the: steel for these > tests was made available ‘and also” | 
for many helpful suggestions in planning | the tests ; Frederick Skene, Dean 
of the School of Technology, College of the City of New York, for use of 
their laboratories, equipment, and for ‘his co-operation; AH. ‘Beyer, 


O. E. Hovey, and J onathan Se ones, , Members, As. Soc. Lon E, for many ap } 


and many ‘suggestions during the ‘conduet of the tests; A. G. 
Hayden, M. Am. Soe. E., » and Mr. C. W. Vanderbilt of Kalman Steel 
s Company for material assistance and helpful suggestions in the preliminary 


es of the investigation ; ‘Mr. Leo Ss. Pavelle for his assistance as a 
photographer; ‘Mr. Arthur -Gatterdam for the suggestion of the use of 


and a careful review the derivation of equations ; the 


(Pa.) and delivered the laboratories; and to the Amerie 
Institute of Steel Construction for its co- operation i in the 


| 


am 

it 

B 


Al 
| 
— 
— 
A} 
— | 
Bees 
— 
— 
— bub 
fini 
— 
— 
Cai 
— 
alte 
— i gis 
— 
— of 3 
iti 
— 
— 


AMERICAN soc TY ¢ 


ANALYSIS OF THICK ARCH DAMS, -INCLUDING 


ty ‘BY ‘PHILIP. ‘CraviTz," JUN. AM. Soc. C. 

graphical olution. of stresses ina ‘circular arch u the influence 
normal loads” is presented herein. These curves ‘diffe: from those previously - 


published, in that they, effect of abutment yield. 


vas 


Although no novel of analyzing is introduced, the 


of the final stress ‘equations: is : traced b 


Cain akobsen, ‘Vogt, and others. The forms. of. the ‘equations are greatly 
altered, in order ‘to facilitate computations ‘ond the plotting of graphs. shen’ 


s - Some examination is made to determine the quantitative effect of variatio 


in the necessary ai assumptions ; of the values « of the modulus of lasticity of stele; 


and Poisson’ s number. An example of the use the « 


rh 


put” ws 


In. 
of the stresses | in an arch dam baie been made ea numerous pareve, 


necessity, the authors of these papers assumed either fixed or hinged- end tag a a 


ditions, and precise mathematical relations were built up on this basis. ‘ 

effort to consolidate the gains “made in this particular field of indeterminates, ' 
Fowler, M. Am. Soe. C. E., prepared a a series of graphs,’ from which 


the stresses at ‘the critical sections of crown and abutment may be obtained. ay 


That such a , graphical procedure i is necessary for general practical 1 use may be 
Verified easily by complex equations arising from the mathe- 


Nots.—Discussion on this paper will closed ‘April, 
- Designing .Engr., Los Angeles County Flood Control Dist.; Los Angeles, Calif. — 
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2 For 1 relatively thin arches, the assumed end conditions do not introduce an 
appreciable er error. if However, it is generally ‘recognized. that, for. relatively 


Ee _ thick arches, the “assumptions give pp, that can only be considered as 


That the final reliance in design: a structure as an arch dem 

he must rest upon the judgment of an experienced designer can scarcely be 

gainsaid. However, although an exact solution of the stresses in so ‘statically 
ate an i indeterminate structure i is ; almost never to be hoped f for, the judgment of 
the e designer can be assisted more adequately by ‘an analysis that includes 
all the known factors of the same magnitude of importance than n by. one that 


ae Quantitatively, light was first shed on the bothersome subject of abutment 
yield by Fredrik Vogt, , Assoc. Am. Soe. E. ,in 1924, and again in 1927." 
- Unfortunately, the s stress equations ar arising from the inclusion | of this factor 
and Poission’ s effect, ‘are many times more unwieldy and im ipractical | 


ne general design use than the equations that exclude these factors. “That the 


complexity of ‘these equations should be mastered is evidenced by the fact 
in many instances, there may be a possible saving of conerete “when 

- the arch is analyzed on the basis of yielding abutments, because of the more 


a ie pertinent to this p paper because it. was ail to construct the gr graphs so that 
the curves would be ‘applicable regardless of ‘the proportion, of water load 


determined, or assumed, to be carried by the arches. Wherever possible, 


detailed derivation i is eliminated ‘and reference is made to ‘the origin. Wes ae 
N otation—In ‘the notation advanced herein (see Appendix), an effort has 
ae been made to reconcile the conflicting symbols’ introduced by several writers, 
the Standard | Symbols, for 


and Testing Materials.‘ 


they produce a water pressure, pes ‘is as 


i ositive Cain and _ Jakobsen derive the relation for an arch - ring, ‘shown in | 
P 


Ac = x To — sin ¢:) — 9 4 


~ 


Tn 1 94 - 0. 47 sin 2 Pe Te Th sin 


Am. Soc. C. E., Math. Naturv. Klasse 1925, No. 2; also “Stresses in Thick Arches of 
Dams” : “Discussion by Professor Vogt, Transactions, Am. Soe. C. E., Volk 80 = 
ayy 5 “Stresses in Thick " arches of Dams,” by B. 
B., Vol. 90 (1927), pp. 475 and 522, > 
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‘The following pertinent are derived: 


x sin 


Vogt’s ‘foundation ‘deformation 


attained in practice, the quantitative information 


within a usable range of accuracy. gratifying check on his theoretical, and 


3 empirical forms has been made by t the ¢ Committee of Engineering Foundation — ; 


In Fig. 2, Vogt presents a of length, 1, 
and thickness, In ‘the Toaded area is equal ta to Under the influ- 
ence of the load, w 


Committee of Foundation on Arch Investigation, 
Vol. II, 1934 PP 
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wl cos a = moment force ‘unit t of length. 
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in which the values of and Hare obvious s by comparison. 


‘For the arch, the moment force about the gravity line 


and Ni and. V; are the same as N and v in Equations (4) and (5), respec- 


tively. Inserting t these values of Vi, and into Equations ©), (7), 


taking the components of Ay and ‘Ay norma to ‘the crown 


— — cos 


— 
ia 
Ay = and 
402) 
| 
ae _ in which, 2, — the modulus of elasticity of rock; N. = w sina = normalf 
—— = xis, Equations (6),) 
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a Derivation of Variables, K and re, Including Yield. —Using the two a) oe 
, due to symmetry, namely, Equati ions (16) ——- 


if (16) 


Wet 
substituting lee x the product, K De fe, derived in terms 


My By and and there unknowns, K and Furthermore, 


is assumed that. and that =I= =— 
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Errect or Variations IN Ez AND 


The equations introduced in this paper correspond with comparable equa- 
— derived by | Cain with the added advantages that the effect of yielding 
nd a finite value of Poisson’s ratio, taken into _con- 


similar to. ‘those Fowler 1927. 1. Figs 3, 4, 5, and 6 
Prem examples of | such curves, _ These graphs are | based | on the following condi- 


‘ey tions, assumptions, or simplifications: (a) The arch is circular and of uniform 


“thickness; (6) (c) X12 = 2.88 (in which, = modulus 


: o of elasticity i in shear); (d) the trace of the abutment plane i is normal to the 
arch rib; (e) the loading over the entire. arch i is uniform ; (f) the stress | due 


vertical loads is zero; (g) Eo = Ea; m = 8; and (i) tensile stresses 
awe As the values of Ex and m selected for ‘the computations ar are open to con- 
sy jecture, the effect of a reasonable variation from ‘the chosen values. is to be 


examined. of solving. a example, in which the effect of 
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in Table the when 159% Eo are 
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example, 30. ft; = 60 ft; = 190"; atid 2. in 
—Sransses (IN PER Square Incn) ror Unit Heap AN 


ArcH. WITH YIELDING ABUTMENTS | 


or StrEssEs FOR Various VALUES OF Ep 
35 | -0.14" 


=—0.10 


Yielding abutments; m=5. .......... 


— 
— — zont 
— 
stre 
— 
m 
— | 3 
4(a 
— of 
4 wre 
fixe 
rT 
vi e 
| ant 
| 
— 
rac 
{ 
| 
= 
— | 
2 
— 
— va 
— 
— 
— -2.16 
— 
ese curves sul 
ost of 50 cents per copy stom the ae 


January, (OF THICK ARCH DAMS 


by first ‘entering the charts bottom at at the “of 


the proper curve of ~The stresses for unit head the hori- 


The ‘greatest variation from the assumed Ey amounts to only approximately 
10 lb per sq in. for unit head, which, a ft head, would change the 


Fa 
~ 


0°, and — = 2, a the stresses are derive by means of Fig. 3(a), 


4(a , and 6(a). Furthermore, in to show the comparative ef effect 


of including abutment yield, the stresses obtained with the assumption of ie 


yielding abutment. “show a more equable of sirens 


between crown and abutment by i increasing ‘the critical crown extrados stresses 


reducing the critical abutment intrados stresses. In this particular 


example, tension at the abutment extrados found by the fixed-end | assumption is i 
‘substituted by a small | compression ‘upon introducing the yielding foundations. 


DEMONSTRATE. THE Use oF THE CURVES 
Asa case, assume ne that ; thickness of arch, = ) ft; t; central 
radius” = 100 ft; = 65°: ; head of water ft; and that the arch 
15% “oll load. This problem is solved by ‘determining | stresses — 


separately 4 5, and 6, for — Qa A on 12. The unit- head 


trated by 1 Tabl 2. To obtain the arch | ‘Stresses from ‘the unit-head stress, 


values of unit stresses in Table 2 are e multiplied by 150 x 0.75. 4 
TABLE 2- —Sreesses (in Pounps PER SQUARE Incw), IN ail WITH | 
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g notation is for the guidance of 
‘radial distance between the neutral axis gravity 


arch barrel; as a denotes ‘ ‘conerete.” 
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a subscript to denote “intrados.” 
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factor (see | Equations (88) nd (39)); as a sub- 


radius; _ radius of the gravity axis of the arch ring; fn = radiu 
of the neutral axis of the arch Ting; te = radius of 
te = radial distance along the crown radius, to the point at 


is necessary to apply F Fores =, in or eliminate 


= thickness; thicknen of of the arch. 


= constant; as a subseript, « 


= modulus of of Meck: Ey of 
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crown; M, ‘= moment, M, at the 

at any arbitrary section, at an angle, from the crown; 
= normal force, N, at the abutment. 
load ; normal to an arch section; = 


to. a section ‘abutment. i; 
= ‘a mubetitution factor (see Q1, Qo, ete.). 


reaction; as a subscript, R, denotes “ rock. iil 


the ¢ crown; 


= crown force applied 
through the crown, ‘necessary to b 
to its original position. 
angle with or — 


. its radius ; aan = - deformation of the crown | section due to ue to yield- 


= coefficient of thermal 
— 


=a _ substitution factor (see Equation om 


= = radius of ginal est 
= acorrection d due to 8 effect = - 4 
central angle; at 
rotation of a section; = rotation of the crown 


Bn a radial line; vr = 


tion as ‘the result of yielding in n the foundation. 
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colt RESULTS AND 


THEIR: VERIFICATION IN NATURE 


BY. HERBERT D. VOGEL,’ Assoc. Soc. rom 


» 


4 
Data contained in tl this. paper ‘were assembled in to: 
January, 19: 1934, and “again: ‘augmented in the s 


Nevertheless, it is “quite certain that the intervening months 


‘many new facts ‘corroborating ¢ the’ information set forth. herein, and while 
>: was not originally intended to present anything like a complete. @ inventory 


ofc ases, ‘still it. w vould appear ‘desirable to, out all new. facts in. the 
order of ‘their determination. From. this standpoint ‘it would seem 


proper purpose of the paper is to discuss in’ general the principles: ef 


' “of hydraulic model results, present a “number ‘of concrete 


examples, and to “open the way ‘for subsequent discussione: ‘Since the ‘subject 
never become closed, would be presumptious ‘to claim more than 


“scratching of the surface” in the present instance. In spite of, this, the 


hope is held ‘that the following. pages will serve to assure the profession 
“efforts are being made to verify the results obtained by 


model: experimentation. 


What reliance can, be placed by: field on the solutions obtained — 


questions most frequently asked of ‘engiged in: : the “tack of 


most difficult to answer Not that been, 
done i in| laboratories to afford proof of one kind or another, I but that positive data 
positive facts ‘are’ few jt the case to. make. positi 


Nors.—Presented at’ the meeting of the Waterways Division, New York, 'N. Y. 
18, 1934. Discussion on thi paper. will be. closed in. April, 1935, Proceedings. 


Lieut. Corps of Engrs., Ss. The Command and General ‘Staff 
Fort Leavenworth, Kansas ; to Pres, Mississippi River Comm., Vickshurg 
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58 OF HYDRAULIC LABORATORY 
proof next to impossible. it is noteworthy that of topics assigned for 
discussion at the X Vth International Congress of of ‘Navigation (Venice, 1931), 


“The study of hydrotechnical questions by means of researches 


» Caan - reduced scale models. Comparison of the results of such researches with | 
those of direct observations of the natural phenomena, with a view to ascer- | 


And that of all the ‘papers submitted authors showed 1 the 


me to def cases of _ comparison. _ Furthermore, that 

German paper which most boldly attacked the subject olleved | as one of its 
: strongest | itemg of evidence the experiments s for determining the spillway dis- 
“ charge of Keokuk Dam, in Towa, reported in 1929 by Albion - Davis and the 


late Floyd Nagler, Members, Am. Soe. ©. It was ‘shown, as a result 
fe of tests on al: :11 scale model and the actual structure, that there was close 
peeeyrr between discharge coefficients and other hydraulic functions in 


There are many “reasons for the difficulties in citing actual instances: of 
complete verification, in Natur , of model findings. _ Were this. “not true. it 
follow either ‘model tests are entirely ‘unreliable, or that: no 
% ttempts have been made ‘to present evidence of verifications. e The latter as- b | 


sumption having ‘been shown to be in error, and the best authorities having 


-agreed that beneficial results" may be obtained from a well conducted model. 


study, it remains to cite a few of the more Common reasons for ‘the dif- 
To begin with, only the more difficult problems. are submitted to the 

laboratory for analysis: by experimental means. quite ‘natural, of 
“ata course, since there i is no reason for making model studies of problems Uilch 
Si "present no doubtful elements, or for which ‘there are already satisfactorily 
established practices q. In the second place, most of the problems submitted to. 

he laboratory | are a companied by schedules of detailed proposed plans, each 

of which is to be tested separately in the model. As a result of the experi-— 

t may be necessary to modify ‘some of the plans in order to find 

- more that will ; produce the desired ‘results. By the time any of these 

as been accepted and instituted in the field it has almost invariably 

been somewhat further modified to ‘suit the character of. changes in local 
conditions that have. taken place in the mean time. Naturally, the difficulty 


comparing effects of. the work finally installed with those indicated 


‘being 1 most suitable by the model increases with the 2 degree of the modification. 
Thirdly, the time -Tequires in Nature for structures to to become effective 
differs greatly v with the : type » of the works involved and the character of local 

conditions. — Works, for instance, which are designed to produce changes in 

the river ‘bed by inducing deposition of silt would be : “more quickly effective — 

he heavily silt-laden streams of the West and Southwest than on such 


on the 
comparatively clear rivers as the Ohio, or the Upper Mississippi . If properly 
spur- -dikes installed to. increase depth of channel at low water 
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Scouring act ction, become flective soon in rivers mud 
bottoms, whereas in localities in which there are deposits of gravel 


such dikes may achieve the desired results. at a much later. date. 
Jo ah To obtain the res sults, i in Nature, indicated by a model study, the improve-_ 


_ works | as soon as. possible. This. is 
important. the river, the part involved, is changing actively. Ina 
large alluvial ‘river, such as the Lower Mississippi, delay of one ér 
Working seasons in instituting a plan may be attended by 
changes ‘in the x river as to affect the ‘success of of the proposed plan materially. oy 
Lous In the case of the United States W aterways Experiment ‘Station, experi- 
mental ¥ work was, begun i in January, 1931, and the first experiments were cada 
completed ‘until from six months to a year later. similar period neces- 


sarily | elapsed before any works, tested during these experiments, , could be 


sufficient time has Rot elapsed to demonstrate con- 


clusive results in every case. However, proofs are not entirely lacking, 
a number of cases in which field checks on model results have been obtained = Ee 


‘ either partly or completely, will be , discussed in this | paper, 


General. —The present ‘Mississippi. River uavigntion 1 ‘program (adopted 
‘anuary 21, 1927) provides for the procurement ‘of a navigable channel 9 ees. 
eep.and 300 ft wide, for all stages of the river, between St. Louis , Mo, 
ad Baton Rouge, La. In this program the principal reliance has been placed 2 
regulatory works, ‘supplemented, where necessary, by channel dredging. 


prestion has generally followed in n the design and location of 


Waterways Experiment Station for study and recommendations, luster 


technique was quickly evolved for the study of, this type of 


| necessary ‘sand bed, yequired; almost immediate answers. ‘Where 
exigencies of the. situation demanded, it was found possible to design and — 
construct a _ model within less than a month after the receipt of survey data % 

from: field, and to begin the release of experimental data immediately 

+ seme ct ‘This i is seldom desirable, however, and with less haste necessary, 

experiments proceed at a more leisurely pace, some | of the studies: having been been ‘ 
extended for ag long | as ity years. bist doid w oi ol 

In certain. instances, models have been with the 


. Field representatives of the various districts for which models have been A 


Sas they progressed. in Nature, and findings have e been for forwarded to the field 
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to point to some phenomena in ‘the mo del which are verified by ‘exidtilig prov 


conditions in Nature.” Tt may, perhaps, be ‘the: formation a sand bar or 
a gravel bar,» ‘an eddy, a caving bank, or ‘scour in a certain vicinity ; or, it 


may be the development of the general configuration of the bed of the model 


which bears such a close resemblance to that of ‘the natural reach that it 


--becomes difficult to: distinguish between ‘maps ‘the ‘two. Tt is noticeable 
ioe these engineers iperendl always find = the model a simulation of — 


lends an added value to ‘such instances on 


in which developments in the: natural stream have been predicted from the 
‘model studies: many months in advance of their actual occurrence, =| 


Hydraulic models have two general functions: ‘First, by their aid a ‘more 


“exhaustive and detailed estimate and evaluation may be “made of existing 


-eonditions in the prototype, and, as a result of the information thus secured, | wor 
“plans for improvement ssi be conceived with greater likelihood of effective-- Na 


-néss and economy than ‘would otherwise be possible; and, second, the merit = 
of these plans may: then be determined in . the! model itself. Before a “model _ yiel 


can be relied upon, _ confidently, to give such important information, its con 


“capacity to simulate known, past ‘and present | conditions first be sho 
godin laboratory “parlance, ascertainment of facts is the 


termed the ‘ ‘verification of the “model”. dy “401 eabiveut GE AG sats mo 
erification—The first step, in ‘the: vertification ‘of a model is 


regulator works for full-sized ‘river, harbor, ete. I In ‘general, ‘this ace 
‘hydraulic similarity | can be verified in any one or all of several manners, i. ‘~ 
bor Verification (1).—In the case of a movable-bed model, checks an’ be 
‘made by subjecting it to “moulded- bed” or to “flat-bed” verification runs.» If 


‘or more surveys of the vicinity” are first. m me used. 


‘tions’ of: the’ earlier date; ; the model is ‘tor several cycles of flow at 
‘varying stages, representing average hydrographs in Nature; it is considered 
trustworthy only if its ‘capability to -Teproduce the known eohilitions of the 


In instances which field” information’ taken at different is’ not 
available, the second method i is _movable- bed part ‘the model 


imulation of average conditions ix in n Nature; the 
‘ithe model moulded its” bed so. that it conforms to the hydrographic 
oe conditions in Nature at the time of the survey from ‘which the: model was: 
‘constructed.’ The reasoning behind such a test lies in the’ fact that | a ‘stream 
adjusts the of its in aécordance: with i its regimen 
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proves ‘its: geometric. similarity ito: the prototype. and, if hydraulic 
| exists,’ the model’ | should” mould its own bed in simulation: of Nature. a 
the movable-bed mocels studied at the U. S. Waterways Experiment Station ad 
are subjected t to one or the other of these ‘verification ‘tests, “and “many < of 
Verifi ation (2).— ap plication of this type check 
obtained when a ‘comparison can be made between conditions as they develop | 
a stream after the completion of a model study and the conditions which 
the model indicated would develop. This_ type of field verification can be- 
made i in the ease of: : (a) Movable-bed models by comparing bed configurations — ma 
n streams with the configurations predicted from model - studies ; 3 (b) 1 fixed 
bed river model (when it is desired to. determine the changes in gau t 
heights, velocity distributions, ete., resulting from cut-offs or or other wegeeeaey nate 
work) “by comparison -model “predictions. with actual developments in 
Nature; ‘and (c). “models” of spillways, turbines, etc., _by similar ¢ comparisons 
The work of the U: ‘S. Waterways Experiment Station is too new t to have 
yielded many “Gonelusive verifications of this kind. However,. several s such 
comparisons are available, and some of them will be discussed in detail. It 
should be pointed out ‘that these two types of verifications a1 are fundamentally Bees 
the same. In each ¢ case, a comparison is made between the development | of the i ; 
model and the corresponding development of the prototype. The only 
difference lies in the time at which the m odel study i is made—whether at the ey x a 
end of the period of development, or at the beginning. nore: adi to. 
Verification (3) third check may be obtained if two or more models 
o different ‘seales have been 1 ‘used for the study of the same problem. A is 
of tie results of the ‘small I-scale ‘model (by m means of ‘the: laws 
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Brooks Point ‘Model. l.—The model of Brooks. Point, (Fig. 1), was 
“built in simulation’ ‘of a 10-mile stretch of the ‘Mississippi River lying be- 
tween: Mile 20 and ‘Mile 30 above Cairo, Ill. The purpose of the model study 


- to devise. a means for i improving the depth of the mevinntion channel over 


Fie. VERIFICATION Run, Move. oF MISSISSIPPI RIVER AT 
Brooxs’ Point, Inu. (Conrour ELEvATIONS ARE REFERRED TO LocaL 
Se crossing at that point during low-water stages. Only one general survey 


cre of the e region was” available to the a Laboratory. ‘This w was made i in September, 


1932, and the model was “constructed from the data ‘thereof. shows 


the conditions i in the prototype as revealed by this survey. Lacking. any other 
data, the model was subjected to the flat- bed. verification test. “At the 


3. SoLuri6n, BY LABORATORY TusT, oF CHANNEL IMPROVE- 

At Brooks: Point, ELEVATIONS ARE REFERRED 

mo Locan Low- WATER PLAN aD 2 S Represent DerTHs 
Greater THan 10 


end of 100 hr of operation, it was foal. ‘that the model. was in close similarity 


with ‘Nature. map ade st its ‘bed at this | time is is ‘shown. in Fig. 2. 
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While ‘the experiments on the model of Brooks Point w 
- the Station was visited ‘several times by the | engineers in . charge of the chan- 


the of the ‘channel at Point. One of these, which 


for the construction of five spur -dikes on the ‘right bank just 
the shoal crossing, and the removal of three existing | dikes on the left bank ne 
at a point just opposite, was selected. details of ‘this plan are shown 


Fig. 3. In order to preserve the ‘dest conditions for navigation, the re- 


moval of the three dikes v was -eondueted concurrently with the construction 


of the five new dikes. The new | dikes were - completed in August, 1933, but 
sections of the old dikes had been removed at this time. A 


this: vicinity, made about two months later (October, 


ze") 


Incomplete 


(Contour ELEVATIONS. Ann REFERRED To Loca Low-Warsr PLANE. 


shown unmistakable signs of adopting the new channel alignment. ig. 5 


is a view of this model with 1 new spur-dikes in place and being tested. 


The Fort Chartres Model.—A problem similar to that at Brooks Point 

was” presented in the case of the study for channel improvements: at Fort 

Chartres, Til. (see Fig. 6). This model represented ‘that section of th 

2 Mississippi River between Miles 120 and 137 above Cairo, Til. _ The purpose ; 

of the experiment was to determine methods for improving channel depths 
over the crossing at Fort Chartres, East, situated at about Mile 181. tonne 
model was built in accordance a survey of this region (see Fig. 

es ‘igiade during | October, 1932. ‘The experiment showed that a navigable c channel 

could be procured at low stages if a 1 system of spur- -dikes was built on the 
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Down STREAM AT BROOKS Fic. 6—MEASURING VELOCITIES IN THE 
PLACE AND UNDER TEST. AND INCLINED MANOMETER. 


right b bank between Miles_ 130 and 133. The details of the proposed system 
= dikes and the channel which 1 they. would effect, as indicated by the mahi 3 


reyes, 


gun early in. ‘the working season of 4 


é 


a, 


was made of this’ “region in “March, 1934, and is shown in Fig. 9. 


a sufficient 
will be noted’ that the y have a ready caused a relocation 


this trace. 
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The Point Pleasant M odel. —The Point Pl Ao, of the Missis- 


in which the low- water channel ‘4s by excessive width and. ‘con- 


sec ent deficient. depth. A system containing three permeable pile- dikes with 
a combined length of 8 282 lin ft was completed — during 1932 for the im- hk: 


pro of depths over ‘the c crossing- -bar. Surveys made during August, 1932, 
showed no improvement in the channel depth opposite the dikes and~ their 


ability to improve the ‘channel was questioned. Some authorities thought 


t sat ‘dikes should have be n placed on the opposite side. of the stream, 


Dikes of Old System Not 


> 


their removal. At the of the President of t 
| Mississippi River Commission, a model was constructed which simulated a1 an 
8-mile stretch of the river, extending g from Mile to Mile 83, with the 
| Point: Pleasant dikes near the. aside (see Fig. 10). After the model had 


‘properly it was moulded to conform to conditions chown by 


findings of the not only substantiated ponditidns in the field; but tnt. 
“cated ‘that: the Point ‘Plessant dikes were Properly designed and 


2 
| 
|B — 
: 
ia 
ig — 
— 
a? 
— 
TRES, ILL., SHOWING 
— 
— 
— 
| 
— 
— 
gh 
ve, 
el 
— 


10. —VIEW OF POINT ‘PLEASANT 


Construction of ‘the Point Pleasant model. was begun during the | 
ths of 1933, and the experimen was completed before the recession f 
the annual high v water. _ The model ‘indicated that with the advent of periods 
of low water the dikes” in the r river r would develop navigable channel. with 


controlling depths of about 10 10 below m ean low water. A survey made 


MISSOURI 


_ Fig. 11 AT PLEASANT, ILL., REACH, IN AUGUST, 
fisif 1982 (Contour ELEVATIONS REFERRED TO MEAN Low-WATER 
PLANE. HATCHED AREAS REPRESENT | DEPTHS: GREATER 
BeLow MEAN Low -WaTER). 


ars.to be. shaped similarly to those indicated by: t 
10 ) ft almost e.tirely across the critical section. the 

r 


“Ue ee 
— 
— 
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giver 2 complete verification 


of the model predictions. In that 


some dredging was done at 


Point Pleasant tDikes 


A 


EVENTUAL ERVECTIVENESS OF CTURES IN Anour One YPAR (Con- 


iy TOUR ELEVATIONS ARE REFERRED TO MBAN Low-WATER PLANE. 


HatcuHep AREAS REPRESENT DEPTHS THAN 9 
Rial Megan Low- -WiATER)._ 
To 


“date, it had scoured § approximately 3 ft. . deepe ‘This was the first time in years 


the crossing was not dredged several times. > 


Thus, there is—in the foregoing case—an instance ‘through 


the instrumentality of a model, the “eventual ‘effectiveness of existing struc-— 
tures was shown. ‘Such results may be termed ratifying”. The ay 


ageregate 


an cost foot of between 
$30, and $35, was approximately $265 ( 000. Since it is frequently as expensive 


to remove dikes from a stream as to ‘build them, it would seem that results 
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orrison. M odel.- instance ‘in whielrs a model gave 
io -ealled “gratifying” results, is s that of the model of the Morrison ‘ Towhead. 
The contraction works program on the Lower “Mississippi ‘River | 
for the closure, where indicated,’ of certain secondary or back channels, 
“order to. increase > the volume of flow in the main channel during low aa 
“Morrison -Towhead, 70 miles below Cairo, Tl. it was proposed to block 


the flow back of the island (Morrison Towhead). by the of a 


Before” arriving at ade ision, -however, ‘a model study y was undartaken 


which had for its objective the Wheaton of. the > proper location for the 
ic dike. . ‘The m odel indicated that no bed-load was. passing into the back channel 7 


which would be the dike. On the strength of 


findings the construction of the dike was omitted. Subsequent: surveys 


made of the vicinity during “May, 1982, and J une, 1933, Oomparison 


surveys with ‘previously existing conditions | affirmed the 


ork MISSOURI 


BY “LABORATORY. 1932." Re 


i The Model.— 


situated i in the Mississippi River miles below Cairo, 


| (see Fig. 14), At about Mile 91 the stream enters a bend and the channel 
3 swings over. from the left to the right bank. _ The crossing: ‘bar, which i is 


ae __ situated near the head < of Stewarts Bar, has been 1 a hindrance to navigation 


and periodic dredging has been necessary during low stages. 7 


Several arrangements of Ppile-dikes were proposed for the improve- 
ment of this reach. The situation was complicated by the fact that over- 


contraction might re- open ‘the secondary channel behind and q 
ewarts Bar and so reduce the flow in the main. channel as to cause a J 


rather than: ‘an improvement, of navigation conditions. = 
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hag 


A: report s rendered which indidated that a any’ one of ‘of the proposed 
plans would be effective in producing the desired results. at 
of the plans: which indicated results provided for the com 
struction of four spur- ir-dikes o1 on the left bank between Miles 90.8 and 92.0. a a 
(see Fig. 14). With some slight modifications this plan was adopted, approved — i: ty 
for construction, and ‘the dikes were completed : in December, 1932, 

| i Bes ascertain what effect the dikes were having, a’ re- survey was made | 
the Stewarts Bar Crossing during November, 1933 (see Fig. 15). An examina-— - 
tion of the results of this survey shows that the dikes had already secured ¢ oe 
channel of the desired depth. Comparing» ‘Figs. 14 and 15 a remarkable 
agreement will be found. In this connection, it should be borne in mind that a ; 

the full effects of a system of dikes are seldom realized during the first season. a 

Under: date of October 27, 1933, the District S. Engineer’s Office, na 


| 


Derive “MISSOURI ob 


4 


. 15. —CONDITION or Stewarts Bik AS SHOWN BY ‘Soave 


was in such excellent condition as to cause no concern. The dikes were ‘noted 
to have been very effective in inducing a heavy fill, and had maintained 


that crossing at a depth of 10 ft or more all that ‘despite extreme 


The ‘Walkers Bar Model.- —The project for the canalization ‘Of the ‘Ohio 


‘River, ‘from Pittsburgh, to Cairo, IL, was completed in 1929. This 
Project was not ‘designed to provide thé required depth of 9 ft at ‘all bars, 
because i “was judged more economical to secure ‘the needed depth a t'the 
worst” crossings by dredging rather than by increasing the height or 

i of dams. At one feareaiconedh Walkers Bar, where excessive dredging had been ae = 


‘required annually, it ‘was thought that imipermesble dikes ‘might ‘provide 
the required depths | more economically. bal to 


LE b: 


At the: request ‘of the District Engineer of the Louisville, Ky., 
| model study was undertaken to ascertain the feasibility of the plan, and the 


most” effective system of dikes for the improvement of this’ vicinity. An 


engineer ‘from the Louisville District familiar with loc: al conditions‘ was) 
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month period and was completed in September, 1982. During this time 
twenty- two separate plans were studied exhaustively and at: least two. were 


found d which, in the model, gave the desired results. 
On May 1934, ‘the e District Engineer Office, at Louisville, Te 


put in ‘operation. Benefits to. the channel were » unquestioned a 
the survey was made before the end of the high-water season. ts Lh ‘ie 
Island 0. 9 Model. —For many years deficient depths ps during 
a low: water seasons at the Donaldson Point Crossing (Mile 56 below Cairo, Ill. 3 
proved a hindrance to navigation. In the past it has been the 
to provide relief during low stages by channel dredging. Since t the low- 
water season of 1927, a total of 1 50 000 cu yd of material has” been dredged 


of the reach the average | width between at 


approximately 3 000 ft. 1 For a _ short distarice above Donaldson Po Point Cross- 


ing the channel width i is about 5000 ft at low water. ‘The px program for the 


Ie From an engineering viewpoint, , the improvement mag the reach = 


- no unusual difficulties. — An outstanding factor in connection with the plans” 

_ wes the fact that although only slight increase in depth was desired, a total 
8 5 500 lin ft of dike seemed ‘necessary to produce the ‘needed ‘results. Hence, 
he problem was largely one of e engineering economics. 

| ian _ After the problem was submitted L to the ‘Laboratory, the experiment was 

eonducted with the objective of finding a more ‘economical method of produc- 
ing the same effect as would be obtained | by the proposed 8 500 ft of dike. 

‘ - Several modified plans were found, all of which indicated 1 that the required — 

deepening could be attained at a considerably lower cost on originally 
contemplated. 1 The most ‘Promising of the several plans indicated that: four 
short pile-dikes on the opposite side of ‘the stream, having combined lengths 

of only 1600 ft, built i in conjunction with five sand and gravel dikes, would — 
a give t the required deepening and, at the same time, would furnish protection 


to the bank in a certain locality w where it was being actively caved. ah peel 


oft This latter plan, modified somewhat as to physical appearance, , but similar 


r 


3 


as to hydraulic ¢ effect, was adopted for field construction, and work was begun 
in the early part of 1933. A re- survey the area was made during J une, 
1983. Although it was too early at this time, of f course, t to expect that the 
effects of the works had been accomplished, the survey showed that the struc- 4 
ft ures were tending to produce the desired result although several seasons may 
—One of the ‘most opportunities for comparing 
oe effects ‘produced by identical changes on similar models of differing scales 4 


is that, afforded by the experiments designed to determine the results of 
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1985 VERIFICATION OF LABORATORY RESULTS 
artificially made cut- offs on the River. . Among the first 
oy. at the U. S. Waterways Experiment Station was | a small replica of 
the Greenville Bends, its horizontal scale being 1:4 800 and its vertical scale 4 
1:360. With: this model, ‘tests were made to determine the effects. of all 
possible cut-offs in the Greenville Bends region. 
al Some “months later a model study was ordered to determine effects of ten ia 
dredged cut-offs in the Mississippi River between Rosedale, ‘Miss. and Point 
Breeze, La. These ten newly proposed cut-offs included two that hhad been 


i - tested by the first model. The second model was built outdoors to scales of — ae 


si 1 :2 400, and 1 :120, and constitutes, even at this time, the ates ae of its an 


‘During 1933, built to: “considerably larger ‘seale 
than had been attempted previously for a study, of this kind. 1 These last 
models, designed to accommodate movable beds of sand, were toa 


seale of 1 000, and a vertical scale of 100. purpose of 


their operation was to determine the amount of bed lowering’ that might be 


expected up s stream from the several cut-offs. In cidentally, water- surface 


- lowerings were also observed in order to check the results previously obtained — 


-—ComPanison 0 OF ¢ Gaver OF Our- ‘Ores: 


1:2 400 model | 1:4 800 model | 1:2 400 

inn tg 


the other models. Tables 1 and 2 between. results 


obtained from ‘the several models. 


TABLE OF OF Cur-c Orrs: rode 


te 


vd | 3 “by 1:2 400 model 1:1 000 model 


Errect or a Fioop DiscHarcE in 1929, at AND Pomts 


or a 40-Foor Stacz, 


Fillowing tests < on ‘the 1: :2 400 ‘model, certain cut-offs 
on the ‘River. 
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VERIFICATION OF HYDRAULIC LABORATORY RESULTS ae 
Tests. BY OBSERVATIONS ON River 


Not’ ‘all cases of ‘similarity between model and | prototype are as apparent | 


‘the foregoing, but, on the other hand, numerous instances are on ‘record 
n which experimental data have been checked daily by observed phenomena in 


Nature, interesting: case of this. kind ‘occurred in connection. with 
| 


studies of Isle aie’ No. 85, up stream: from Memphis, Tenn. (see Fig. 16). The 
Waterways Experiment Station 


“tilting hydraulic flume as a 
of 
of its ‘fixed equipment. This 
flume was used in an extensive series 


4 a cone which had as its objective the 


VF oO; 


study. of ‘the tractive force of flowing 


water and the transportation of, bed- 


load material in natural streams. In 


one phase of the experiments the pro- 
cedure was as follows: The bottom 
Reade the flume was covered to a. given 
depth with sand which had been sub- 

>, jected previously De. mechanical 
analysis ~The of the flume 
was set to a designated ‘slope, which 
remained fixed until, completion 
| of the run. "Water was then passed 


lobor: TOK 


“through the flume and regulated by 


means of the | weir and ‘the tail- -gate 


Minute 


per 


Grams 


ig 
sand bed. The depth ‘of the water 
Fig. -16.—Mopet Stupy oF NavicaTION 
DIFFICULTIES ENCOUNTED AT was next. increased by successive in- 
erements, observations being “made 
qt uit 


orded of all hydraulic: data for each observed depth. 


proche are plotted as abscissas, and mean velocities, rates ‘of bed- load move- 
ment, and ‘experimentally derived values of Manning’s n n, as ordinates. 
Bae Several interesting facts were brought to light by this experiment. It 


was noted that the ; mean velocity curve broke first. at the point where the 


-_ type ‘pe of flow changed from laminar to turbulent; the next break in this line 
occurred simultaneously with the hegfnilihe of movement of the bed material. 
oat authoritiés are in agreement . that. when ; movement of the bed material in 
* stream begins there | is an an accompanying g reduction in the rate of increase 
of the ‘mean velocity of the water, with a corresponding change in 1 the rough- 


“ness the stream. This ‘was. plainly shown to have occurred in 
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— , in which di 
7 like experiments, i and the results 
— ™ the results of only a opes were used, were also pe ted by Ph. Forch § 


VERIFICATION OF HYDRAULIC LABORATORY RESULTS 
* which shows data taken on the Rhine River at Basle, 


The ng have ‘been plotted in in such a ‘manner that the slope of the c curve rie 
is a measure of the roughness. The oceurs at the time movement of 
the river bed begins. In commenting on this graph, Forchheimer states* in as 
: effect that Kutter knew that the} coefficient, C, in the Chezy formula decreased — 
q when the “geschiebe” (bed-load material), began m moving; d du Boys, also, was 
familiar » with this fact and mentioned it in his writing; - and it is common 
knowledge among hydraulic ‘engineers that the of a river bed 
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-—HXxDRAULIC  FLuMp OF MATERIA RIVER BASLE, 
Mississipp1 River, ISLAND 35 SWITZERLAND. 


: Fig 18, the result, of actual observations, was introduced to show that at 
- the point where bed movement begins there is a change in the variation of the he 
the foregoing no attempt has been made to present inventory 
fie eld verifications pertinent to model investigations conducted at the U. 8. 
_ Waterways Experiment Station. |‘ That | the list is incomplete is obvious and, 7 
q in many cases not cited, sufficient ‘similarity has been ol observed in Nature 
to compel faith in results of the tests. In rare instances verifications have 
been more difficult—if not altogether difficult—to obtain. The n main ‘point 
to note is that the science, which was veritable ‘ “infant” ‘only a few years 
ago is now (1935) a lusty “ ‘youngster” ‘rapidly coming of age, and demand- 


that its importance be recognized by every one. 
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_ | WATER-BEARING MEMBERS OF ARTICULATED - 


a 
‘By ME ESSRS. A. FLORIS, AND D -BIRKE 


Frons; Esq. letter)™. —Some of the statements in this interesting 
H paper, y do not appear to be well founded. | The claim, for instance, that — 
_ buttressed dams with deck slabs are less expensive that multiple-arch dams, is ne 
not quite obvious. very purpose of arches is to reduce the bending 
moment: caused by the water pressure ; whereas deck ‘slabs must develop 
siderable’ resisting moment to support. ‘the same ‘pressure. the mass 
crete of buttressed dams is more economical, multiple- arch dams can also - 
built with thick buttresses using the ‘same kind of ‘concrete. 
- That the buttressed dams with ‘freely supported deck slabs will be edited 4 in a 
| than multiple-arch dams i is not at all a proved fact. 
"connected members of a structure cannot be stronger against lateral = 
“than a monolithic ‘structure. If the earthquake movement is propagated oa 


the longitudinal « axis of a multiple-arch dam, the flexible arches will act like 


“The same action cannot be claimed in the case of buttressed dams. isd J jaoy! 
es In his analysis Mr. Birke determines the minimum cost of the deck slabs 
upported by buttresses with large heads. He considers these heads as canti- 


rio. 
= and applies the beam theory « of prismatic bars. It cannot be taken 


painstaking cost analysis of buttressed dams g given in ‘this paper appears. be 
_ of restricted usefulness to engineers engaged in the design of dams. —t«*™S 


__ Notr.—This paper by Hakan D. Birke, Jun. Am. Soc. C. E. (now Assoc. M. ‘Am. Boe. Soc 
C. E), was published in September, 1933, Proceedings. Discussion on this paper has 
appeared in Proceedings, as follows: February, 1934, by R. A. Sutherland, P. Wilhelm — 
Werner, Charles P. Williams, and Paul Baumann. | 
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Ha Hakan D. Brxe Assoc. M. Am. Soo. E. (by letter).“*—An excellent 


roup up of ‘discussions has been presented i in connection with this paper. ot It is 
gratifying that the importance of establishing the principles. economic 
design of articulated buttress dams has” been recognized by competent 


SIRES ON “ARTIOULATED BUTTRESS DAMS Discussion 


Aside from its Sidi in the field of e economy and its high factor of safety, 
Z A ae the principal advantage of the articulated buttress dam, as pointed out by 
Mr Sutherland, is its” adaptability to a wide ‘variety’ of foundation ‘condi- 

ions. The ‘increasing ‘searcity of ‘sites with: sound rock foundations will 


ndoubtedly lead to a more widespread “use ‘of. this type of F dam and, there- 
d 
oF fore, a detailed knowledge of its economic limits becomes of major importance. 


Bn attempting to establish such ‘economic limits Mr. Sutherland has: com- 


—_ a round- head buttress type dam, 120 ft. high, having a buttress spacing 
40 ft, -eenter to center, with a a gravity type | dam of the same height. The 


- buttress dam i is found. to be somewhat more economical than the gravity ; dam 


although Mr. Sutherland found the reverse to be true for : all heights. less 


than 90 ft. . His analysis gave rise to the inquiry as to whether a reduction — 


ie f buttress | spacing at the flanks of the dam would be more economical ‘than 


the use of the same buttress spacing throughout. 


| 


ake 


to changing the spacing. In the first achange of spac- 
throws a heavy. eccentric. loading on buttress at the point of 

transition. Such transition is necessarily a heavy structure and addi- 

tional concrete required goes. a. long way. toward offsetting the small e 7 

that, would be gained by changing the buttress ‘spacing. | second. per- 

haps more lan. ailidiiien, is that a change in spacing would increase the 

ost of form work considerably. _ One of the advantages in the buttress. type 

f construction is that standard forms may be used throughout the entire dam, 

‘This leads to'an appreciable economy in construction costs. = 

In determining the most economic type and buttress spacing» for a dam 

. ‘a a given site, the proper procedure is first. to establish the mean height of. 

Bi the dam... Comparisons may be made of the mean heights for the. various 
ypes; but it will be found, in general, that these heights will agree closely 
ie ee and will not be far enough apart. to affect the selection of type. _ The mean 
height may, then be used to ‘determine ‘the most economical height a and the 


SI Mr. Sutherland had investigated other types and buttress spacings, he 
would have found that considerably closer ‘spacing than 40 ft and. an 
Ambursen type of. deck and haunch would have shown a much greater: saving 
than the round-head dam or the gravity dam used in his example for heights ~ 


Mr. Werner makes an analysis: of the economical stress relations in con- 


crete. steel. Go. and for a deck slab in flexure. By his analysis 
demonstrates that. the example introduced by the. writer whieh 
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Deion Engr., Dam Co., New York, N. ¥. 
Be Received by the Secretary December 5,1 1984 ; 
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“Tess of their economic W erner has shown how ay erentest 
- economy for a deck slab in flexure wed be attained when one of the stresses i. 
kept constant and the other, varied. i: It is of ‘equal interest to determine 
economic effect of varying the ‘Stresses ix independently of each other. Con- 
yee for ‘Equation: (69), as developed by Mr. Werner, and 

+ 


| 


“cost of the ‘slab m from 


Ds 
= 15, and = 66, ‘Equation (119) has s been 


evaluated for = 10 000 ‘to 20000 Ib per sq and” fe = ~ 400 to” 800 
4 “per sq in. pit The results have been plotted and then curves of equal costs have ; 
been drawn, as shown by Fig. 13. To fe 


‘stress condition introduced by the: ‘writer in his typical example 
(that is, fs = 16000 and fp 
fn Fig. 13. ‘It may be seen that reducing any < or both of the stresses | would — 
only imerease the. cost of the slab. Any “inerease in the stresses is out: of 
% the ‘question ol these values were assumed to be the highest allowable. Thus, it 
‘proved that ‘the stress condition “used by the writer was ‘most 
Fig. 18 demonstrates. some. interesting facts about the > economy. of dif- 


— 
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= 16.000; fo = 650 Ib pe 
hay , -economy would 
= 20; but this value of will yield 
a crete stress, that is in contradiction to the assumption. Mr, Werner’ pode iim 
; is based on a constant value of f, and therefore Verner’s analysis 
<x. 
— 
— 
— 
| — 
3 
— 
as) 
the resul Arig fas — 
— 
— 
m, 
.—l 
me = 
an 
he 
on- — 
ns slab im Hexure. Inus, for a low value of the stress 
oncrete, such as, fo = — 
= 450 Ib per'sq in,, little economy would be gained 


~ 


sq. in. In the same for a 


“the concrete above 600 Ib per sq 


it 


Fic. 18.—Curves oF 
The object of the 
articulated. buttress dams. ‘The economic equations were » based on ordinary 
3 designing assumptions which, in ‘some cases, are somewhat approximate. This” 
deacon pointed out. by so ‘some e of the discussers, and, therefore, it i is Lendl 


sary to consider the designing methods presented by the writer in in the light 
olin W illiams has pointed out that the equations developed | in the paper 
ve are based on the conventional formulas for designing beams of uniform depth, 
‘and then demonstrates the differences" between these and the formula for 
“shaped beams: as by the late William Cain, M. Am. Soe. 0. E. 
the ethods introduced 


Professor Cain, shear on the tensile side of the neutral axis is 


ee 


ae determined by Equation (81), as presented by Mr. Williams. This shear stress, 

generally will | control the depth of the se section because ‘the shear 

on the ‘compressive of the neutral axis are. combined with com- 
Pressive nor stresses and id hence will not cause ar any diagonal tension, ‘ai 
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"Te these: values, are introduced in 


4 If the haunch is. bean of uniform depth the shear, will have 


‘the — 


ie, 


j 


Equation (124), the shear when the shaunch is 
and, shear in the haunch computed as s for a ‘beam 
ie 


In the economy problem, the factors, fes Do» N, and are constants and 

thus the only variables i in the expression for 4 
which are the distribution factors for ‘shear, As the va variations in j, aa 7 will ee 
negligible, the e relation will be nearly constant. If the haunch i is to be ; ‘si a 
signed for. a value of (controlling shear when computed as a 
wedged beam), from: “Equation (124) the “corresponding | value of 
trolling shear when the haunch i is designed as a beam of uniform depth) may 
be determined. Using this value of shear, the depth of the haunch may be © 
determined as if it were a beam of uniform depth, and 
Mr. demonstrates, that in, determining, the depth, of the haunch 


should ‘restrict the “use of Equation (30) for the steel area ; 


in the haunch bending ind For ey if the expression, 


& 
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a § The total shear, S, at Section A-A, Fig Sa ce 
— 
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4 — 
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pth, 
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iced 
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ress, 
and fs are assumed, it is a simple matter to solve Equation (125) and 
the value of j.. There is then no objection. to using Equation (30). 
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= 1 


+. 87, 5 t cos 


If, as an approximation, the total load is 
assumed as, W = 5° it does not ‘mean, 
| as stated by Mr. that water- 


alone been taken into 


ben 


Water Level = H cae 


(compare ‘Equation (126). It only means. 
the last- in “Equation (128) 


been neglected. the - - Ambursen 
introduced an example by Willies, 
are having: a buttress spacing of 22 ft, on centers, 


the last” term in Equation (128) varies” 
from the value 0.06 W, at 30. ft below the 


to 0.03 W ata depth ot. 180° ft. At greater heights, where the cost of 

water- members is a important item, term will 

Bis: 


act bearing. -pressure distributi ion on the haunch. The writer assumed a triangular’ : 


bearing | pressure according. to the common “practice for this kind of 


_ structure. Actually, the character of this pressure distribution will v vary with 


he relative rigidities of the haunch and deck. The writer i: is of the opinion, 


_ however, that an assumption of trian ngular distribution is o ‘on the safe side. 


red 


rer Mr. Baumann has made a check on the result of this assumption by com- 
aring ‘the deflection of the deck with the yield of the haunch at corresponding 
It may be noted that the formulas for these deflections are based | on 

an sited straight linear distribution of the stresses. ~ Actually, i in the Hock | 

above: oe Sy bearing area of the haunch, the distribution of the stresses is not 


nearly as : simple as straight-lined diagrams would indicate. In view of this, 
of Mr. Baumann ’s computations do not offer sufficient evidence 


g the assumption of triangular bearing pressure on the 


ae It is is quite true, as Mr. Floris ‘States, “that the the buttressed dams with Suny, 
supported deck slabs will be : safer in an earthquake than multiple- wae dams. 
is not. t all a proved fact. Neither is the “converse a proved fact. Under 
“some, conditions, loosely connected of a structure will not be 

strong against lateral forces : asa monolithic structure, but it is ‘not a fact 
that loosely connected members cannot be stronger, against all forces acting, 


than a ‘monolithic structure. To be stable a ‘monolithic structure must vhave 
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sufficient ‘all parts, t resist all the loads to which it will be “a 
subjected. In many cases, construction joints, properly located, render 
structure ‘safe, whereas, if the joints were not provided, the structure 


be e unsafe. is a well ‘recognized and generally accepted fact struc- 


Floris states that: 4 the ‘earthquake movement t is propagated along 


“the longitudinal ; axis of a arch dam, the flexible arches will act like 


4 springs | or shock absorbers, thus: relieving the structure of excessive stresses”. a 
description might be. correct, possibly, if the earth "tremors were slight; 


Ae “however, the arches could scarcely withstand a severe shock without being over-— 


stressed, and it. is improbable that they could withstand the torsional stresses ies 


a 
that frequently accompany earthquakes. Even assumin that the only earth 
movement is in the direction of the longitudinal axis the members connecting 


buttresses, i in. transmitting the shock, would act as columns. It is incon- 
- eeivable that a curved column ‘composed | of arch barrels would transmit a sh 
safely than a straight column composed of flat- slab decks. 
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method has in the determination of flood flows. 


snow is a ‘component of stream flow the ‘assumption of a storm 
ee efficient of unity o r greater than unity is reasonable, but there are many 
ne Places w where such an assumption would not be in accord with hydrologic 
ae experience. In such places it might be possible, by the author’ s methods, to 
determine the frequency with which storm coefficients approach maximum 
The next question is to determine the frequency of flood-producing 
nece: n es l, th 
storms. This necessitates a consideration of the intensities of rainfall, the 
«are 


accomplished, there problem of ‘combining this result 
with the frequency of ‘maximum storm coefficients in order to attain the 


‘The unit- graph wethed ‘appears to be e applicable to the determination of 

on e floods” that be expected from moderate-sized drainage areas. The 
aythor states that the ‘method has been applied for other purposes to drainage 


ie areas approximating 6 600 sq miles. The determination of the probable maxi- 


Norg.—tThe paper rae Merrill M. Bernard, M. Am. Soc. C. was published in Jan- 
aay, 1934, Proceedings. Discussion in this paper has appeared in Proceedings, as fol- 
lows: ~ March, 1924, by C. S. Jarvis, M. Am. Soc. C. E.; April, 1934, by LeRoy K. 
es Sherman, M. Am. Soc. C. E; May, 1934, by W. Wi. Horner, M. Am. Soc. C. E.: September, 
1934, by Messrs. C. H. BHiffert and Charles S. Bennett; and November, 1934, by R. L. 
Gregory and C. B. Arnold Assoc. M. Am. Soc. C. BE. “The discussions in this _— 

are published by permission of the Director, U. 8. 


Asst. Engr., U. S. Geological Survey, Washington, 
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a flood is a preliminary step in deciding upo upon n suitable for most 


ey "hydraulic structures. It would be of value in almost any method for analyz- 


3 
ing floods, even in purely theoretical al procedures, such as that recently presented are ; 


“es 


lood studies bring out the fact that: the smaller the drainage area the 


‘greater the potentialities for producing yields. Per unit Small 


that ‘is, they can entirely surrounded by areas having higher rates of 

fall, they have steep slopes, and they lack the essentials for natural flood a 

= 

Many of the most severe floods are those produced by so-called 
“eloudburst” storms. The periodicity of such floods may be very. great 

] expressed in years, so great, in fact, that a study by statistical methods™. wee 

what might be considered a long record in the United States would not 


| = that such a flood - is 5 likely to occur. . Examples of these rare floods cis 


AY 


occurred on the Miami River, in Ohio, in 1913,™ on the Arkansas River, at aw 
Pueblo, i in 1921, * and on many rivers in Vermont. in 1927." The discharges 
z in these floods were two or three times greater than would be expected * 

of a magnitude- frequency relation. For. such floods, statistical | 
methods appear to be inadequate. The unit- -graph ‘method, on the other hand, 
may make it possible to arrive at an approximation to the limiting flood ° 
- through the application of high rainfall rates, together with high, but al- = 
et possible, storm coefficients, and the placing of a a hypothetical storm — 

Bag On large drainage areas, such as that of the Ohio River or the Tennessee _ 
_ River, where t the application of. the unit-graph method might encounter dif 
ficulties, the statistical method seems to offer a partial solution, "provided a 


4 long record is available. On such drainage areas the differences i in percentage a pat 


7 


those from a small thus making the periodicity 

_ less important f factor in relation to magnitude. — A frequency curve derived 

3 from perhaps a 40-5 -yr to 50-y -yr record of a large drainage area might be ex- ‘oh a 


tended to a periodicity of materially greater length, with the assurance that : a 
an approximation to the maximum flood had been reached. Foun 


W. Hoyt,” Am. Soo. C. E, L, L. AND F. 

Juntors, Am. Soc. C. E. (by letter).™ connection with general studies of 


Proceedings, Am. Soc. B., October, 1934, p. 1118. B jue 
John Wiley. & 


a - % See, “Flood Flows”, by the late Allen Hazen, M. Am. Soe. C. ; 
Sons, Inc., 1930; “Theoretical Frequency Curves and Their Appitesiton” to Engineering a 4g 
tad Problems”, by H. Alden Foster, M. Am. Soc, C. E., Transactions, Am. Soc. C. E., Vol. 87 | : 
(1924) p. 142; and “Flow in California Streams”, ‘No. California 
Dept. of Public Works, Div. of Eng. and Irrig. of 
’«“The Ohio Valley Flood of March-April, 1913”, by 4 » "Assoc. M. Am. 

Soe. C. E., and HB. J. Jackson, U. 8. Geological Survey, Water Supply Paper $84 (19138). 


“The Arkansas River Fyooe of June 3-5, 1921”, by Robert Follansbee, M. Am. Soc. q 


F C., E., and Edward E. Jones, U. 8S. Geological Survey, ‘Water Supply Paper 487 (1922). Pap 
% New England Flood of November, 1927”, by H. B. Kinnison, Assoc. M. Am. 


Soc, C. E., U..S. Geological Survey, Water Supply Paper 636 
Hydr. Engr., U. S. Geological Survey, Washington, D. 
Engr., ‘U. S. Geological Survey, Washington, D Cc. 
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 yélations rainfall and run- -off being by ‘the U. Ss. Geological 
on Survey, in collaboration with the Water Planning Committee of the National 


a. Resources | Board, the Writers have had an | opportunity to investigate the dis- 
_ tribution eh devised by Mr. Bernard based on the unit graph set forth by 


to warrant definite it is believed that a brief summary of’ some 
of the problems encountered will be of value to hydrologists and engineers 
who ) may be interested in water utilization Fite) should be recognized that the 
described “Bernard effects the same purpose as 
neory at least, both relate wholly. 

f, because in the development of a unit graph: all flow 

on to the storm under - consideration is 
ae segregated pots the flow resulting from the 1-day storm. The accuracy with 
which» a unit graph and a distribution — graph can be developed, therefore, 


42 
depends upon the with which the stream flow resulting from ante- 


“al 


definition and example, Mr. Bernard “recession 


n-off from aiitecodent ‘rainfall; but does not take into account the 
facts that base flow—or, as otherwise defined, ground-water flow, or Seepage 

flow—is a variable quantity and that recession curves based on hydrographs 

ati 

of stream flow, unless up of ‘segments of the hydrograph 


depletion ‘c curves flow. “example, sim: drawing. the base-_ 
flow curve for the Muskingum n River at Dresden, Ohio, Mr. Bernard assum es 


‘that the base flow would have fallen from 1500 to 700 cu ft per sec in 11 days: 
uring - March, 1929, and similarly. during the two storms in. July, 1925, and i in 


uly and August, , 1927, that were used to determine the average- distribution 
4 of 
raph This use of a fixed “ “recession curve” ? does 1 not take account of the fact 


a Se that during March the water- er-table in the “Muskingum | Basin may be high 


enough to maintain a base flow between 2 000 and ‘5 000 cu ft per sec, whereas, 
‘in J uly, it may be only high enough to maintain a 1 flow of 1.000 eu ft ] per “sec, 


or less. Use of ‘a fixed ‘ ‘recession curve” in the determination of the unit 


seems to rely on the accuracy of an average curve and to ignore 
flow and to recharge from: the storm under dorieideritions’ bit If the storm ‘produc 
ing the surface occurs at. a time. ‘the: ground-water flow 


y be negligible, but if the storm producing the aia run-off occurs ° when 
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‘low from Rainfall by Unit-Graph Method,” Engineering News-Record, valu 


January, 1985 
_ the ground- water is high, the error may be very apprecia In eac Pacmal 
of course, the error depends on the magnitude of the am 2 run- -off i in relation n 


to. the ground- water flow. Different methods” have been to. segregate 
surface -off ‘ground- -water run- -off, but none of them 


does not any water flow in determination 


ape 
yl the fundamental requirements are observed the writers have found, > 
as M Mr. Bernard did, that the theory of the unit graph or distribution graph - 
seems to apply to a remarkable degree i in actual practice. _ In their derivation, ee = 


_ however, the following factors must receive due consideration 


re 


eg —In deriving unit graphs it is necessary to select storms that conform 
as closely as possible to the ideal, which js rainfall of uniform, intensity ee 
24-hr duration. Since such storms do not occur in Nature over any extended _ 
7 area, the peaks of unit graphs of 1- -day storms vary somewhat, depending — 
on whether the storm center is near or remote from the gauging ‘station. _ 
_ Conversely, in the application of an average unit graph to actual precipita- ay 
tion, the results will differ from the recorded data to the extent that the 
storm: pattern differs from the condition used. determining 


—The published records of the Weather Bureau do no not indicate 


the recorded precipitation ¢ on any one me day occurred during 1 hr, 
was well ¢ distributed over the 24 hr. Ina similar manner an ideal 24- he 
storm may be recorded in equal “amounts 0 ‘on two consecutive ‘days. 
graphs: for storms lasting 1 hr may not be comparable with those for : storms F: 


lasting 24 hr, and i in the application of the determined unit graph the ‘resultant: a. 
iagraph will differ from the recorded flow to the extent that: the ‘unit 


graph of storms ‘of less than 24- hr duration ‘differs: from that of storms of _ 
24-hr duration. _ Published ‘records of ‘precipitation give the total for the day, ee 
and published discharge records give the average flow f or the day. ‘These 
limitations in the details of recording basic data make it impossible 
determine comparable unit graphs from small basins, but in the opinion of 


the writers they do not disprove the essential theory of the unit graph. 


These limitations also make it difficult to combine or average the separate 
3 unit graphs for the same basin. For example, a unit graph one storm 
“may show no rise on the day the precipitation was recorded, while that of =i 


Pe 
another storm may show an appreciable rise, a difference which may result 


inadequacies in the refinement of recording, or from causes not now definitely i 

a etermined, ‘such as varying initial rates of infiltration and interception, or i 
water required ‘and held i in initial surface wetting. Tin Bo 
_ 8—Theoretically, it would seem that, as. a result of differences in ale 


wit 
“nal ‘velocities, the unit graph of a 1, -day storm oceurring © ‘when the river is at 


aD ~ BE. Horton, M. Am. Soc. C. E., in his discussions of “The Role of Infiltration in_ 
the Hydrologic Cycle”, pub. in the Transactions of the Am. Geophysical Union, National’ © 
Research Council, of the National Academy of Science, June, 1933, p. 446, outlines 
methods that have been used to separate surface flow from ground- and gives 
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high stage would differ ‘that of a storm occurring when the river isata 


6 


storage. To. a | moderate. extent both these conditions occur in ‘many basins, 
and the Rock River above Afton, Wis., " is herewith discussed as an example 
a the ‘difficulties which may be encountered in the ' preparation of distribu- 


run- -off ‘wubetantially delayed. artificial or by 


tion graphs of surface run-off resulting 1- -day storms; The drainage 
area is 8 190 s miles. Lakes and marshes oceupy ‘between 10 and 15% of 7 
area; channel slopes are small, and the soil is largely sandy loam. These 


give rise to a large gr gr sund-w: water and sustained flow and a relatively 
small quantity of direct run- of the daily 


hydrograph were > the result of rainy. periods of from 4 pw 


tribution. graphs | based on 5-day storms, they would not seem applicable. to 


Notwithstanding these apparent limitations, distribution graphs having ~ 

the” same general pattern, have been obtained by the writers from basins . 
ranging in area from 1000 to 40000 sq. ‘miles, Although the distribution 
graphs follow the same general | pattern, the variations between 


are very appreciable, These variations may be a source incon- 
gistencies in. the application of an average distribution graph to hydraulic 


1 , After developing : an average unit t graph or distribution graph, Mr. ‘Bernard 


@& 


transposes the total weighted daily, precipitation on the basin into so- so-called 
yalues” and, in- his examples, compares these values with total 


en n-off by means of “retention coefficients” obtained by dividing the total 
observ rved run-off for the several days, making up the storm period by the © 


total value or by distributed rainfall for the same period. 
questions have. puzzled the writers in regard to the pluviagraph: 


— 


= tribution graph based on direct surface run- -off (rainfall minus infiltration — 
and storage); and, second, is it logical to. compare rainfall thus 


Se with total recorded flow? In connection with, the general studies previously } 


mentioned, the writers found that the annual ‘direct surface 
“4 
a 


ranged 2%, of the the ‘Minnesota River Basin 


about 26%. of that for the Black River Basin. In. other words, by. the 
of Mr. Bernard’s method to the Minnesota River Basin, 98% 


iva of the pluviagraph would be built up of precipitation that did ‘not appear 
direct surface ‘run- the. to the Black | ‘River Basin, 
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the Upper Mississippi River drainage use ¢ ‘Bernard’s 


would distribute, about t the: precipitation that: did not appear 
= Of the Precipitation that did not appear as surface run- -off, about 


to the writers in a pluviagraph precipitation which, even it 
eventually appear as stream ‘flow, arrives there through the ‘ground 
manifestly follows different from those controlling direct. surface 
ee: F or r isolated storms, Mr. Bernard’s “retention coefficient” is the simple ae 
relation between ‘the total storm precipitation and the total Tun- -off. 
the Tuscarawas River, Newcomerstown, Ohio, which he has used as an 
example, it is the relation between the total pluviagraph value and the total 


ecorded run-off for” the period between consecutive troughs on the 


and more hydrologists are looking upon fiow as ‘made up 
of two distinct ‘parts, one of which results from direct surface run- -off 


the other from that “part of the precipitation which is either retarded 


4 on n the ‘surface, or which passes through the ‘ground a an nd eventually Shestlle 
_ the stream _ channel. For the direct surface run- -off the time between the oc- 


currence of the: precipitation and its appearance at the gauging station is sh 


yelatively short, as shown: by the unit graph. the sustained or ground- 


water flow the time is much longer and can probably be in 


of ‘months : rather ‘than of days. For example, late J. ‘“Hayford," 
Am Soe. E., found, by strict mathematical analysis, “that in 


Wagonwheel Gap area, in Colorado, the flow on any one day 
part at least, conditions during. the 


2 the distribution graph, ‘relations between total records 
total run- -off seem valueless. if ground- -water is deducted, however, com- 


? parisons between total pluviagraph records and observed stream flow less 


3 ground-water flow may have value. if they can be carried back through — 
the distribution graph, these relations might show, to the ‘extent that 


surface run- -off followed the average “distribution. graph, the amount 
infiltration. day by day. Furthermore, it may be “possible to correlate th 


a relations with past and present conditions to extent sufficient at least 
to of total -pluviagraph records in determining surface run- -off 


rom storms of great magnitude. 


The writers are studying both ‘methods s of approach, and the results, to 
date (1935), seem to indicate, as Mr. Sherman and others have found, that 


antecedent conditions, as well as ‘amount and intensity of the particular 


A 


rainfall considered , play an important part. For example, under similar 


New Method of Estimating Stream Flow” late J. F. M. Am 
Soc. C. E., and J. A. Folse, Carnegie Inst., eee 
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‘ 


ormal ‘periods, when soil 
‘moisture water levels are maximum, and high rates of 
re. infiltration with resulting low run-off relations will apply during normal 
Septembers, when conditions reversed. However, if conditions are 


upon the “with which relations ‘between several factors can an be 


$0. the, of “the | ‘retention. ‘eoeficient” 


with flood flows, a somewhat different condition exists. Floods” result, when 
infiltration is at a minimum, , with corresponding high run-of “relations. 


if there is no snow on the ground the pluviagraph record should | represent, 
within reasonable limits, the maximum surface run-off possible with “nero 
‘infiltration. is believed that studies and experiments will eventually 
disclose. ‘infiltration limits that. ma y be reached “and thus: make possible 


determination of limiting run- -off rates which, when used with 


‘Bernard’ -pluviagraph, will “make it “possible to determine flood of 


ag The author is to be commended for clarifying the basic principles of ‘te 


for his of the distribution for ‘his 


abnormal and moisture conditions in the spring are comparable to normal 


tributed by means of an average unit graph or distribution graph, the 


peaks: of computed and observed surface run- -off occurred on the same day 


if or rarely, more day “apart. ‘The ‘concepts developed are 


of material | assistance in the analysis _Tun- in relation 1 to ‘its causes, 


‘thus: promoting a better understanding ‘of ‘the occurrence of trends: and 


possible affects of storage, land drainage, and other’ factors 


that may be of. importance in considering the wise utilization of water 
resources. They furnish ‘a. tool for analysis” of rainfall ‘and 


be of practical v value where detailed knowledge of hydrology is im- 


yu ys ty 


portant, as i in (a) thaniipulation “storage on large” systems of river 


development : for ‘power “and water supply; (0) ‘obtaining definite knowledge 


run-off characteristics of urban areas, where _ special conditions “make 


‘such ‘knewledge of exceptional value and analysis “of potentialities | of 
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WILLIOT EQUATIONS FOR. STATICALLY 


INDETERMINATE. STRUCTURES 42) 


ig 


ye 
IN COMBINATION WITH MOMENT EQUATIONS 


‘Exus,* M. AM. Soc. oO E. (by letter) “—Thanks are due 

those who have discussed this paper, their kindly ‘and constructive 


Mr. ‘Eremin mietitions that the equations are complicated and numerous. 
on first sight. ‘The equations certainly but the ‘extraordinary 
structure rather than: the method of analysis | is responsible for the number. 


Moisseiff has stated, effect, that: this” new method provides the 
only possible path to a closely accurate determination of the behavior of ‘< 
stiff frame under loads, especially the frame is subjected to consider- 
‘able deformation and ‘departure. from its original geometric shape. He has 
commented on the artificiality and incorrectness of | solving for primary and 
secondary stresses separately. Mr. Tudor has also pointed out 
importance of “the fact that the m method considers, simultaneously, 
Gneluding participation) and secondary stresses. aid These points were not 
_ sufficiently emphasized in the paper and a further word | may be clarifying. op 
a The diagonal “members | below the floor (Fig. 3), were originally designed 
“First” Approximation”) on the ‘commonly accepted assumption | ‘that 
_ they would resist the total horizontal wind shear in each panel. The degree ‘ 
in which this assumption proved to be in error (more than 100%), because 


of extraordinary stiffness in the vertical posts and their ¢ consequent capacity 


_ to resist shear, is indicated in in the “Third _ Approximation” below Fig. 6 et 


Notre.—The paper by Charles A. Ellis, M. Am. Soc. C. E., was published in Sense. ; 
_ 1934, Proceedings. Discussion on this paper has appeared ‘in Proceedings, as follows. — 
_ September, 1934, by Messrs. Ralph A. Tudor, Leon 8. Moisseiff, and A. A. Eremin. 4 x, 
8 Prof. of Structural Eng., Purdue Univ., Lafayette, Ind. 
Received by the December 20, 1984. 
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Vid yp V 4d Taine O24 Rol IHAAM 


The discovery and first application. of the  Williot equations | came about, 


Ce 


s follows: : The transverse elastic curve. was investigated as ‘described i» | 


first three paragraphs of “Third Approximation.” ordinary 
Williot diagram for the lower portion was drawn after strains had been com- 
puted from approximate ‘stresses and the’ quantities, were determined 
from . Equations 17 = were written and solved; and the moment, M, at 


the ends of each member were computed, With and M ok approximately 
known, it was possible to compute | the shear, ‘Hro, in the 1 member, KO, from 
‘Equation (5). ‘It was obvious: at, once that this’ shear was a very considerable 
quantity, much too large to be neglected assuming ‘that the diagonals” 

i resisted the total horizontal wind shear. Repeated attempts by trial and 
‘error were made to estimate shear distribution between the posts 


and diagonals. Each attempt included a revised set of stresses and strains, ¢ and 
revised Williot ‘diagram, ete. These attempts: ‘seemed to be getting no- 


9 


where, either because the writer’ 8 guesses went wide of the mark or because > 


the numerous factors in the problem. 


‘After repeated drawings « of the Williot | diagram from revised guesses" as hed 

distribution,’ it became: obvious that each could: be expresse 

. algebraically in terms of the strains - in the pwn as shown in Equations 

(18) to (21); 80, instead of determining the quantities, ¥, from Williot 


diagram drawn. from assumed. strains, the q question, arose “Why not express 


each yin terms of unknown strains?” It was clear. that the value of Yoo 


ee and | Yo had much ‘greater inf influence « on shear distribution | than values of y for 
any or all other members. Hence, in the first application of ‘the Williot 
equations, and were expressed in Equations (17) and (18), and 
approximate numerical values derived from the preceding Williot diagram 
were assigned to the remaining y ‘a, Equations (4) to (9) show how the ex- 
pressions for stresses, resulting strains, A,. d developed. 
‘result of this solution, since it contained Equation (4), determined the shear 
_ distribution, and revealed the glaring error ‘originally made in assuming 
_ that the diagonals resisted all the ‘external shear. It was then decided to “go 
* the whole. route” and use all _equations—(13) to (21)— —thereby ‘eliminating 
all assumptions possible. - This procedure was taken after major revisions had 


been caning in the design of the diagonals and minor, changes in | the posts. 


Moisseiff’s discussion of the labor involved in the solution of a ‘ 
ture with with one paying struts, , should 


‘if 1 the horizontal member is the plate type and if no 
is given. to its depth, except its moment of inertia, then Mr. Moisseiff’s state- 


“ment, that a structure with diagonal bracing is more complicated and more 


other hand, ¥ when ‘the horizonts 


value of the Williot equations was at once apparent, and they 
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ch mune complicated because, although two diagonals have been 0 
in each panel, two post ities have been added, together with a truss com- 
posed of numerous members. When the magnitude and novelty ‘the 
structure, and the consequent uncharted field of structural analysis with little 
or no precedent to follow, were considered, it was dee eemed wise e to apply a 
thorough an analysis as possible. ci Te was for these reasons: that the Williot ee 
equations were applied also to the part above the floor. 
Of course, the usual assumption that the diagonals resist the total sh shear 


in a panel would not result in such gross error in an ordinary truss; but it 
is pertinent to emphasize that any method (Manderla’s included) of comput- 


‘stresses in a truss, which fails to take account of the influence 


upon primary stress, can no longer be. considered as 


at ‘or von Abo’s valuable and 


scholarly paper; “Secondary Stresses 
Bridges”; * describes nearly all: 


od _ methods of secondary stress analysis 


(a) 


WILLIOTT Be for example, ‘is 500 Ib. The analysis 
shows that deformation imposes 
moments at the ends of the 


3 
le bers and 3-5; consequently 
these members are resisting trans- 


verse shear. These shears should b 
considered with vertical com 
ponent of the stress and 
r secondary) in Member 


500 Tb in ‘the 


all members. The error here 


“accuracy. ‘The pa by the simul- 

taneous ‘solution is a closer” ap- 

Fic. 16.—Mour’s SmMI- GRAPHICAL METHOD 
of ANALYZING SECONDARY STRESSES. on practical value as the chord 


to accuracy and will take 


— 
— 
in ii 
— 
— 
— 
— 
om — 
ble 
ble 
als” 
als 
— 
ind | “most exact — 
wo], | — 
lot ts 
— 
— 
for 
or 
— 
ot 
na 
— 
oul = a | this diagonal is not 500 Ib, and any - 
at 
— 
* Transactions, Am. Soc. C. E., Vol. 89 (1926). p. 69. 
In Fig. 16(a) apply a load of 1500 Ib at Panel Point 9. — 


EQUATI 


shear from one end of the panel to the other. 


1 The | primary and secondary stresses in the truss a analyzed by Mr. von Abo 
may be solved simultaneously by using the Williot equations with Mohr’s peer 
graphical method as follows: ‘ In the Williot diagram (Fig. —-16(b)) let the 


Aw, Acs, ete. The qi quantities, 


‘strains in the members be represented by 
hence can be by the ‘Williot equations, ferme s of 


ver The twenty- “one additional equations may be 
derived from the transverse shear in any y member may be ex- 
pressed as a function of the end moments of that member. solution of 


these equations will give the , from which the stresses can be 


in terms of angular displacements, ‘The writer shown elsewhere® 
_ how Williot | equations may be used to advantage in solving the stresses in a 


A simple truss having four redundant members. Solutions by the well-known | . 
methods of work and. least work are included to show the relative amount 
‘of labor involved in each of the three methods. An illustration is also given, 
_ showing how ‘the Williot equations, had they been available, might have — 


en a 
been used to good. effect i in th the stress analysis of the towers of. the George 
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GENERALIZED DEFLECTION THEORY 
SUSPENSION BRIDGES | inkyfason 


TOFEBIOC 


MEssrs. R. FREDERICK, JR., AND WILLIAM 


Frevertck, Jn JUN. Am. Soo. C E. (by letter) “—The s 


working formulas presented in this are a great improvement over ‘those 


heretofore found in the | literature on the subject. and, with the generalization 


the theory, provide a useful tool for ‘the engineer. 


rea 


ie is claimed in the p: paper - that a ‘saving of 5% in truss chord material 
ean be effected by using a continuous truss (Design IT) rather than a hinged 
‘truss, This may ‘be true when the designs | are developed in full detail and 
. the truss depth is adjusted. © However, Design I affords gréater economy in 
truss chord ‘material than Desi gn II. ‘This: phase be discussed sub- 
sequently. Iti is interesting to. note that ‘the 5% saving claimed would 
to about 0.25% of the total cost of constructing a ‘suspension bridge of 7 
assumed dimensions. The value of this paper lies - not in the saving of truss 
chord ‘material, but rather in the dependability of the results obtained by 
its: use and i in the ‘relatively simple form in’ which it is presented. 
This discussion deals directly with the three-span, symmetrical suspension 
bridge, but much | of its content ‘ean be be ‘extended to include any type a 
aid The Measure of Rigidity. —The stiffening trusses are used for the pur 
of ‘reducing ‘deflections, ‘thereby providing a facility for, and 
sense of security in, the: user and insuring for him the least of maximum > 
roadway grades that is practical. Determination of the desired 
the trusses and the ‘measure of | this stiffness should be based | on this fact. The 


writer will attempt to show that, in a structure 2 of the approximate dimensions 
assumed for the ‘numerical | example in the paper, the vertical defiéctions:are = 


ws 
oO 


een _ Notgs.—The paper by D. B. Steinman, M. Am. Soc. C. E., was published in’ March, 
1934, Proceedings. Discussion on this paper has appeared in Proceedings as follows 
A May, 1934, by E. Pavlo, Esq.; August, 1934, by Messrs. Jonathan Jones, A. Miillenhoff, . 
H. Cecil Booth, Jacob Feld, and Glenn B. Woodruff, Howard C. Wood, and Ralph ae ae 

Tudor; September, 1934, by Messrs. L. J. Mensch, A. A. Eremin, Hans H. Bleich, 
F. H. Frankland, Gustav “Lindenthal, Julian’ W. Shields, A. W. Fischer, and J. > ime 
Frankland; November, 1934, by Messrs. Fredrik Vogt, Leon S. Moisseiff, 
_Westma and G. T. Parkin; and December, 1934, by Messrs. Sterling Johnston, Harold ae 


® Park Engr., 


Lene Island State Comm., Babylon, N. 
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meaningless to an individual using or viewing the bridge and 
only the angular. deflections are appreciable to his senses and thus affect 
ertical Deflection.—The vertical live load deflections are ec 
Site caused ‘by full span loads, and: the length of times required for them to occur tl 
“under most. favorable conditions is is between 10 and 20 sec. An individual 
in the middle of a span would be dropped a a ‘distance of about 3 ft 
em in this length of time. Consideration of elevator speeds: and’ ‘the’ nature of f 
acceleration will show. this’ movement to be insensible. A car “moving 
across the bridge with a large. group of other vehicles placed so as to occasion 

maximum deflection at the’ center span, would traverse a continuous 

varying slightly from the 2 roadway grade of the unloaded br idge. The 

“e variation of the vertical deflection, or of the curve from the grade, cannot Bi 


be detected by any normal human s sense. 
‘The contribution temperature to the vertical deflection need not be 


truss ‘than the live. load ‘deflection. 


he nee does affect the structure in that, in order to maintain the minimum vertical Bt 


when f fully deflected, it may be necessary to raise the theoretical vir 
Deflection — —Angular deflections, especially breaks” in continuity, 
we visible and, if ‘not unsightly, at least, may indicate weakness to the } be- ff 1 
holder. Furthermore, the angular deflection increases the grade for some 


vehicles the ht For others, the will be ate 


this purpose. ‘Designers may prefer 1 to follow an intermediate course we ‘ 
both vertical and angular deflections in. measuring rigidity. trod 


Deflections of Continuous and Hinged Stiffening Trusses.— 


at bridge. trusses should be designed of such ‘stiffness that the angular deflection Hs 
2 = that inereases the grade n near the tower is under a specified maximum a ow- ib 


grade deflected exceed a definite amount. This” 


general rule should be modified by judgment and experience since extremely §f My 
2 flexible trusses may result from assuming a high value for the allowable grade un 
increase (Fig. 14). The maximum angular deflection at the approach | end 
AS of the side span does not, for the usual structure, increase the roadway grade. § 
However, abrupt: change of of grade due to this deflection should be 


for a to limb, are near the: towers. T he angular in the trusses 
m nay be greater at other’ ‘points, but the resulting ‘grades are not likely ‘to + 


be maximum since in most. suspension bridges there is a camber of several ie: 


oe feet i in the main span and the side spans are on a grade up to the center span. + * 


If the principle of limiting grade of the deflected structure 
is to the the controllin 4 
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hinged truss is broken at the while the curye a truss 


the angular change allowed is the : same for both types” of ‘trusses. 


oi gat to 
aps 


(Deflection Occurs - 


in Side Span) 


5 
? 
fi 


nt Angular Deflection Expressed as a Tangent 


| 


0.0 


Malues of = Moment of Inertia in Hundreds of in? ft? = 1.250 


In attempting to reduce angular deflections to a : it will 
well to keep in mind that the reduction of side ‘Telative to center 


maximum 


= 


aximum Angular Deflection Expressed as a Tangent 


Beck. 
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| 
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ft 
me 
the 
ing — 
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use 
~ Oecurs away from the side span toward, and even on 
mt Fig. 15 showing the angular deflection plotted against the load position will ae 
x 


Discussions 


‘@émoiistrate the The point noted on ‘the curve as the slope. change 
sae at the left tower is much Yetid' than the maximum slope change which occurs 


in the side span, 52.5 ft away from the tower under a different loading. 

Shorter side spans also straighten the side cables ; and thus have the secondary 


axi- 


‘Table 6 shows the maximum deflections for four structures. s. The m maxi- 


Designs and I as given by the author. 


TABLE 6.—Maximum Der.ection 


ANGULAR EXPRESSED AS A TANGENT) 


Side span at tower 
Side span, 22.3 ft from tower =e 
Side span, 52.5 ft from tower. wee Be 0211 . 


& ants for Design III are identical with 
ose for I and Design » except that 4 400 in. * ft? and Lh 


1750 in.* and the depth of the is _undetermined. truss 


truss (Table 6). The of inertia would have been 950 
ft and. I, = 1190 in. ft’ (Fig. 14). Dt of 


The: maximum angular deflection m (Calo 6) for the hinged truss 


span. For Design I it -oceurs under the same live Design IT and 


hacer he maximum vertical deflection at he center of mae side | span (Table 6) 6) 


for the hinged truss occurs with 1 the side span fully loaded, with positive 
"temperature, and with no load on any other span, and for ‘Designs I, Il, and 


Ill under the same loading: and ‘temperature as obtains for the maximum 


angular deflection of Designs. II and III. The maximum vertical deflec- 


tion in the center span occurs for all ig ae eh oon that span fully -loaded 


The combination of heavy live. loading, ‘the exact ‘the live 
loading, > and. the temperature for which the deflections in Table” 6 are com- 
: is not likely to occur. . The probable actual hac of he truss 


re much, smaller than those shown | in Table 6. tt 


be about 25% greater than I. _ This is roughly in agreement with the: ratio 


of ‘average moments in the side » spans - to > those in ‘the main span ‘as taken 
from Figs. 3 and 5 a the paper, and a enables the the economical use of the same 
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January, 1935 FREDERICK 01 THE 
depth of truss for the side and for the center ‘spans. IL the 
author has ¢ chosen ix a and of such a value that, the > percentage deflection — 


decrease at the. center of the side span and the percentage deflection increase 

at the center ofthe main span relative to the same deflections of the hinged ae 

design are nearly equal. Granting vertical | deflections measure the 

rigidity, the re ‘result ‘obtained in in ‘Design II is pointless unless the depth 

truss in the main sp span is increased over that in the side span. i design > 

of sections to obtain the condition, is Ty to. ‘maintain a constant truss 

depth: throughout, and. to carry the moments at stresses equal to, or less than, 

the allowable e unit stress, would involve a considerable waste of metal in the 


“Fig. 15 shows» the v variation ‘with; respect to load of the maximum nt numerica 
values of the negative angular deflection, expressed as a tangent, | near the 

left tower of ‘the continuous truss of "Design IL ‘The changing load consists ee 
of live loading extending from the right end of ‘the structure. The 
end 0 of this: load retreats from a position at 0.35 1 of the main span until — 
no load remains on the right. The full load on the left span does not vary. 
The temperature used in “computing values along the curve is “negative. The a 
H-curve for the same loading conditions is shown. © The position of the load eal a 
for maximum ‘angular change ‘at the left tower is marked and noted. When wan J 
the Toad extends | beyond this point to the left the ‘maximum angular change — 
is in the main s ‘span and when all the load lies to the right of this point, — TA 
except the left span load, the maximum angular change occurs in the side’ ag 
span. _ The greatest angular deflection occurs, however, when the ‘temperature ee 
is positive and the value shown in Table 6 is this maximum. 
Comparison Designee Table, 7 shows the relation between the moments 
of inertia, moments, truss depths, and chord material in the side and i 
spans < ted are intended to s 
in determining relative e economy. The moments shown a are the averages of the 
maximum moments in each span for each design and the moments | = 
inertia are those used computing the moments. The theoretical 
sections determined are used to compute new moments of inertia which are 


shown in Column (7). The theoretical | weight: of chord material for a ated 
structure is shown i in Column dow 


‘earbon and high-s strength alloy steels a are i in a ruse of any single 


dacrably complicated, since a number of sections will have to be Qulened: “a 
determine the depth that will | carry” the imposed moments and ‘supply 
average 1 moment of inertia used in computing the maximum moments. 19) fom 
A choice bétween the designs based on vertical deflection i is ; difficult. The 


angular deflections (Table. 6) show Design I definitely superior to. 
the other designs. This is in agreement with the relative economy as far ae ie 
this is affected by the chord (Table Design In requires 21% less 
wight in the chord ‘sections than its nearest. competitor, Design IT. 


To clarify the rélation of the various factors involved in design | 0 


"4 


stiffening trusses a-formula is developed, as follows: ssume a hypothetical 
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(nit Fagsiaaal in ‘pounds per square inch; tension, 27000 on net section; — 
y 
: and compression, 27 000 — 100 —, » With a maximum of 23 000. Dicnie ah, 


> @ | theoretical Moment of ‘Chord ‘4 
inertia ‘area, top inertia, I, weight per 
d and bottom for section | foot of one 
inches? |. feet ed,in | truss, in 
feet he f ‘pounds 


“al 


‘| 2420 | 10475 | 10. 7 | 


| 12.5) 503 1 962 


having a moment of inertia, J; de pth, chord areas, each, “and 


“carrying a M, at ac stress of all i in appropriate units. Then, 


=— factors are varied as indicated by sub- 


OY 


“a= 
‘The conditions assumed for developing Equation (114) do not: exactly fi fit 


— 


, but they do lead to a clear presentation of 

moment of inertia on the chord areas of a 

web members, structrual and design details, 
and handling is not represented | in Equation (114). The chord areas of all 


‘the trusses listed in ‘Table 7 can one ane 


kept it demonstrated ‘hat the moments of inertia vary 

directly with the Thus, i in a constant depth stiffening (suspension 
bridge) truss, the average moment and the average i ietinnenitsa of inertia occur 
at the point, in theory at least. atti ga et aidT gingival 
‘Fig. 16 shows the curves of maximum moments for Design III and the 

; prone design. The loading positions for ‘maximum moments as given by 
author proved to be correct for Design ITI, which design effects. 16% 


eas in total moment area \ when compared to ) the hinged design,’ T he ‘savin 
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n truss chord seatuniad cannot | be predicted from the saving in in moment area. 


The average of the ag oy moments is 39% greater than the : average of the Gr 
moments. ‘The | assumed relation, = 1, .25 I; is checked fairly 
well by the computed depths of the main: and ‘side: trusses 7). 


c 
10+ Design It — 
| 


0 4s 
00 
maximum moments at the points ape the truss shown in Table 8. "These 
points are practically identical for the three continuous designs. 
hen, TABLE 8 Locations | ‘Truss THE AVERAGE OF 
Maxivum Moments: (SHown In TABLE Occur. Pomwrs Atona” THE 
out ‘Main Span ARE Asout rae CENTER Live al 
tion 
| Left 0.215h, 0.655, and 0.900;h 
this ibe ‘Column (6), in ‘Table 7, is determined b the: 
1ords 
nsion called a theoretical area because the detail of the sat ‘when siebonmined, 
yecur may provide excess area. It ; may be possible to improve any of the designs by 
fj changing the ‘moments of inertia so as to obtain more e nearly — depths in 
nm by _ The author’ 8 comparison between hinged and continuous stiffening | trusses , 


is misleading since he takes no account of the effect on truss of the 


moment of inertia and the corresponding maximum moments. — 
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truss al depends on of factors not 

directly the saving i 


The truss. "properties for a maximum con- 


ee with the desired rigidity and satisfactory, details can can on selected from 
a tabulation similar to Table a and a curve such as is shown : in \ Fig. 14. 


- For example, varying ‘moments. of inertia can. be assumed and a number of 
designs: similar to to Design I and Design III prepared b by computing the maxi- 
mum monents at 0.21 1 and 0.34 I of the 1 main span and 0.205 1, and 0.67, 25 
the side | span and considering these to be the average moments in their 


spans (Table 8) for the purpose of determining relative economy. 


a Wu LIAM H. M. “AM. Soc. C. E. (by letter) paper isa 


addition to a a neglected subject—the design of ‘suspension bridges: 
ith 1 spans ¢ of less than 1 000 ft. ‘The | Rondout Bridge, at Kingston, NL _ ae 


is cited by the author as” a of structure (with continuous stiffening 


trusses) for which, until now, the deflection, theory was not applicable. When 


‘it was designed i in 1920 a popu ilar * impression that suspension bridges deflected 


excessively, had to be overcome. Consequently, a design was: Proposed that 
would | have only « one- -half the deflection ‘customary at that time. This ‘was 


_ done by making the stiffening trusses s continuous between anchorages instead 

of designing the usual type with ; a hinge at each tower. In fact, the Kingston’ 


_ Bridge is an unusually rigid structure, , due not only to the continuous stiffen- 


trusses, but also to the heavy ‘reinforced conerete. deck which made the 


dead load stresses about. double the live load stresses. With « a lighter deck 
oles reverse would be true. The width of this deck and its location about 


midway between the upper and lower chords. of 1 the stiffening truss permitted 
an independent horizontal wind truss about 35 ft in width or depth, _ This is 


bout one- twentieth of the length of. the channel ‘span, which is 705 ft long. 


too 


This span is generally regarded as too short for the economical use of the 


suspension type. Since its completion in 1922 several of other bridges of that 


= aaa have been. built with spans of about the same length. The Kingston 
Bridge, therefore, was a pioneer short. span 

for modern heavy highway loading, 
Many variations of live load were assumed in the design of chords 
and web members of the continuous stiffening trusses to determine the maxi- 


“mum moments and shears. formulas” made available in this paper would 


reduced the number of computations greatly, 
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SAND MIXTURES AND SAND MOVEMENT 
jaub «By! LORENZ G. STRAUB, “Assoc. Am. Soc. C. E. 
‘Lorenz G. Srravp,* Assoc. M. Au. Soo. “(by letter). There is 
‘ing 80 much that is ‘not known about the mechanics of sediment transportation 
hen in open channels that the amount known i is negligible in comparison. 
ted Captain Kramer’ 8 experimental investigations and the analysis of the results 
hot of his own e experiments and those of other investigators are, therefore, to be 
was welcomed by the profession, particularly the field 
ad | of 
ston’ Tt is. doubtless mostly the lack of knowledge of the of bed- 
fen- load movement (as well as suspended- load movement) which frequently leads oa o 
the Le engineers of long experience i in the art of river : regulation 1 to voice the opinion ay a4 
leck ff that each river is a law unto itself— —that the knowledge gained in the study Sis 
out of the behavior of one river is of little value in predicting the ‘occurrences 
in another. Not infrequently Tiver engineers compare river 
is is to a human personality whose “character and peculiarities must -under- 
cial stood in order to make him manageable.’ > In truth, however, in the case ee 
the the inanimate river least the statements are warranted because 
that of the inadequate knowledge. of the invariable, although complex, natural 
med In reviewing literature which during the past few decade 
on the subject of bed-loa ad movement of rivers, one finds” many statements 
ords which “appear to be contradictory and lead to confusion. More careful 
1axi- serutiny, | however, shows that at least in some instances the ‘ents | con- ve 
ould” tradictory statements are _reconcilable. typical example concerns the 
yam transportability | of bed load 3 one group of investigators, including the late 
G. K. Gilbert, the Geological Survey, has analyzed 
data on the basis" of stream velocity. Another group led primarily by the 
vir du Boys | method of ‘approach has, adopted expressions which include tractive 


force as a primary function in the relation for rate of bed-load movement. _ 


Matthes ; September, 1934, by Messrs. R. H. Keays, and F. T. Mavis: November, 1934, me 
yy Messrs. V. V. Tchikoff, Morrough P. O’Brien and Bruce D. Rindlaub _ and | Herbert D. = 
ogel; and 1934, by Joseph B. Tiffany, Jr., Am. Soc. and | Carl B. 
Asaociate Prof. and Head, 
934 


- Norgr.—The paper by Hans Kramer, : Asssoc, M. Am. Soc. C. E., was published in 
April, 1934, Proceedings. Discussion on this paper has appeared in Proceedings, as, 
follows 4 ' August, 1934, by Messrs. John Leighiy, Paul W. Thompson, and Gerard H. 
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102, srRauB on SAND, MOVEMENTS IN- FLUVIAL ‘MODELS Discussions 

Mee may be shown by the: ‘use of suitable open- channel flow formulas as a 


a connecting link that, when cprrectly 4 formulated, the two types 0: of equations 


At present; ~there~is~t definite gap between theoretical assumptions and 


occurrences. F rom a practical viewpoint this i is unimportant provided 
the formulas theoretically derived give results: corresponding: to actual, _oceur- 
34 Tences when suitable empirical coefficients are introduced. Thus, the du Boys 


Pee equation assumes that a series of thin laminae of sediment moves smoothly 
ae over one another over the entire stream bed. Asa matter of fact, observa- 


a tion reveals that, except for w ‘unusual flow conditions, the > sedimentary material 
oe “moves down stream in riffles which roll over and over in a manner comparable 
to the movement of sand dunes. J ust down stream of the miniature dune 
eee is virtually no motion of sediment p: particles, such 1 particles being r rolled 
—&P,, the dune only to fall motionless at the down- “stream or leeward side. This 

a type of sediment movement is far different from that assumed in ‘setting 
up the du Boys theory. ee Nevertheless, for sediment with certain 8 size limits | 


‘(ranging possibly. from something less ‘than aL mm to about 4 or ‘5 mm in 


- | diameter) observations have shown that the equation gives satisfactory results 
with regard to the quantity of material moved, provided satisfactory empirical 
“coefficients are used. Therefore, for all practical purposes, ‘the use of the 


equation is justifiable even a if the motion occurences are different from those 
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se Fie. COMPOSITION OF RIVER SEDIMENT STUDIES OF 
author’s: ‘Conclusion concerning the “Law of Constant Critical 
ractive F orce,” ” in which he states that “one and the same bed-load material 


under the usual moderate slopes invariably gives the same value ‘the 


lower critical, tractive force,” agrees very well with the writer’s observations 


n laboratory experiments on a wide variety of river s sands, _ However, there 
a large number of investigators of note who have_ questioned the 


applicability of this law, particularly in the case of sediments made up vf 
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yarticles ranging ithin wide size limits. 


of this law makes possible the formulation of equations which “at dol te ; 
define the bed load for wide variations in flow conditions, 


Taiversity of Minnesota, Minneapolis, Minn., careful are ‘bling 


made of the nature of riffle formation and movement for different types of mii 
sodiment - A A typical example is here presented ; the type of sand, at least ia 
as far as average size is concerned, is similar to the types used by the author. 

Western streams. The mechanical compositiom is shown graphically by | 
semi-logarithmic plotting i in Fig. 21, the author’s Types I, II, and III, being = 
superimposed for the purpose of comparison. Experiments are performed 
by maintaining the ~water- discharge ¢ constant and ‘supplying bed-load material 
at the up- -stream end of a a channel at a given ‘Tate, the rate of feeding being 


maintained until complete equilibrium of all flow is obtained in 


The material is typical river sand collected from the bed of one of the mid 3 ie 
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(c) Tractive Force 


Jol 


‘Load in Pounds. per Hour per Foot of 


PERIMENTS MADE TO Deter: 

CHARACTERISTICS OF Bro- LOAD MOVEMENT. | (DiscuarcE 18 0.80 Cu Fr rer .Sec_ 
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“the alluvia Fig. 22 shows the ‘results of for a 
typical ‘set of runs in which - the water discharge was maintained at 0.30 cu ft 
per sec per ft width o of channel. _ Figs. 23, 24, and 25 show photographic 
‘records of the riffle” formation on the stream k bottom for three different flow 
nditions, and the corresponding water surfaces; ; the water discharge (0.20 
eu ft per sec) is the | same for the three cases. The plotted points are the 
results of ‘individual experimental determinations. "Renin of the occurrence 
- of undulations in the elevation « of the stream bottom some question arises as. 


o the ‘Proper, choice of depth. In the analysis presented 4 the 


23. —PHOTOGRAPHIC RECORD FOR A CHANNEL IN WHICH VeLocrry OF Is NEAR 
THE ENERGY CRITICAL. (Bep Loap, 300 Ls. PeR Hr Per Foor BREADTH OF 
CHANNEL; MEAN HEIGHT OF RIFFLE, Fr; or RIFFLE, 0.53 wes 


to the mean elevation of the ; or, roughly, | to a point about one-half 


It is probable that this arbitrary choice has 801 some Faded on the varia- 


tion in ‘the computed values of n in -Manning’s formula. This seems evident 


from a comparison of the value of n and the mean height of the riffle 


presented in Fig. 26. studies. indicate that the depth should 
probably be taken as. the distance from the water surface. to point practically, 


the elevation of the crest of the rifles, the riffles ‘are 
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STRAUB ON SAND MOVEMENTS Ts IN FLUVIAL MODELS 


‘definitely of dune shape, with a flat up-stream ‘slope and a steep 
slope; in the case of smooth ‘undulations such as those ind cated by the 
E photograph presented i in Fig. 24(b), the depth is probably more nearly the dis- 
tance from water surface to a point somewhat below the crest 
riffle. ‘More studies should be made to determine the correct relation 23 
analytical treatment. | In any case, since an arbitrary value is taken for the — SA a 


depth corresponding to the: average: depth of water, it will 


that the: roughness factor, ny in Manning’s formula, with. 


G. 24. —ProrocraPHic RECORD FOR IN W HICH OF FLOW ‘Is Con 
re SIDERABLY BEYOND THE ENERGY CRITICAL. (Bep Loap, 450 Lp PER Hr. PER Foor 
mw BREADTH OF CHANNEL; MEAN HEIGHT OF RIFFLE, 0.047 Fr 7; MEAN LENGT am RIFFLE, 


0.61 Fr; anp OF GRADIENT, 0.0143 TOS 


the mechanical ¢ composition of the and the 


of the traction force. © However, there are a number of other influential fe ‘> 


= 
‘criteria. Unquestionably, the so- -ealled kineticity of the flow. condition ha 
considerable influence. _Experiments se seems to show that the height and sharp: 
ness of the ‘riffle approach a. “maximum when flow in the channel 


“near the ¢ energy critical the water velocity i is is equal to the w wave velocity, 
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Discussions | 7 


appears to become "smoother until, finally, the riffles 
entirely, leaving a smooth stream bed, as indicated by Fig. 

fortunately, to the present time. the experimental: data | available “not 

permit definite conclusions concerning the relative influence of magnitude 
om of traction force and degree of _kineticity on the character of the riffle 
formation. Most. experiments ‘that have: Performed _by various in- 


ea --vestigators to the present time have either been almost ‘entirely for streaming 


such as the author’s, 8, or for such as Gilbert’s exper riments, 


Riffle Height in Feet Length in Feet 


25. CHANNEL, IN VELOCITY OF Fiow Is 


‘GREATLY BEYOND THE ENERGY CRITICAL. (Bap Loap, 800 Ls per Hr. per Fr | 
OF CHANNEL; No RIFFLES OBSERVED; AND SLOPE OF GRADIENT, 0. Fr. 4 


although some of the studies of the latter include flow 


The writer’s observations indicate that the length ‘of the riffles_ ‘is 


less ‘subject to fluctuation with flow conditions than the height. However,§ 
much | remains to be done to arrive at conclusions concerning the variation 
‘in riffle lengths. There is some indication that the length increases 

the water discharge when the sediment load per unit breadth of channel * 
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Fie. 26.—COMPARISON oF ‘VALUES oF nm IN MANNING’s FoRMULA WITH MEAN 
OF RIFFLE FOR WaTER DISCHARGE OF 0.030 Cu Fr per SEC PER. 
ov CHANNEL AND VARIATION IN Bep LoaD, 


. An analysis of river hydraulics problems by means of erodible-bed models + ii 
will, emphasize the necessity of further knowledge concerning the mechanics 
of bed- load movement. Almost invariably the occurrence of iffles in the 

model is so ) greatly out of proportion to those which obtain in the prototype | rh 


that the results of the studies have grave limitations in their r applicability — 


to the prediction of the results to be obtained from poe control pees 


‘jation 


ents, ¥ it W A 17 iffle Height — Bed Load Relation 
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WAVE: PRESSURES ON WALLS | AND 


BREAKWATERS 


“Discussion 


aA -EREMIN, Asso 
3 


A. E Eremin,” Assoc. —An ‘method 


i 


" analyzing wave pressures on sea wee? is presented in this paper. There al- 


Mr ways has been | an urgent | demand for a reliable ‘mathematical | expression for 


wave pressures in in the design | of sea walls, In 1926, the International Congress 


for Navigation appointed a “special committee of five engineers to ‘study the 
_ factors that influence the stability of sea walls. — _ Professor as Lira, a mem- 


_ ber of this Committee, made an extensive study of ‘of ‘the ¢ causes of failures of 


the 
= walls at various the v wave. computed by 


unity been found sufficient in 


designing new "sections ‘walle’ to replace 


toe compare the pressures: ty Mr. 
Molitor Fig. 7, with those computed by 
| method. ‘Fig. 11 defines wave 


according Sainflov’ method, 
notation being same as as” user 


‘IG. 


Works, Sacramento, Calif. == | 


Received by ‘the ‘Secretary _ November 19 
Le Genie Civil, April 6, 
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The given by Mr. Molitor for ‘Magann’s Pier (Fig. 7) are as 
pious: The depth of still water is d = 9.0 ft; and the height and Jength 
of the reduced “wave are 6.9 ft and 106 ft, respectively. 
| Equations (22) and (23) the distance of the point of maximum | pressure al 


Int 
pstill-v water level and the pressure 2 at ‘the bottom of the wall are, respec 


tion wave action, from Equation (94), is M 150 Ib. The over 


moment normal to the face of the wall is 14 150° + 0.846 


= 11971 ft- Ib. The overturning moment due to the pressure, Po, 


res of 
od by}, by the author, ‘s A= 1580 x 15 800 ft-lb -Ib, oF, about 


side as ‘compared with that computed by Sainflow’ s method. 
is interesting: to note also. 
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_ base of the dam, thus decreasing the velocity of the seepage, 


ER- SEEPAGE 


ON { EARTH FOUNDATIONS 


tier 
8 evidenced by this. paper and to the the author’ has 


a vertical off will be more reducing the velocity of 


flow through foundation materials than an equivalent horizontal distance 


along the base, seems entirely logical. This i is doubtless true in many cases, 
if the contact | of the base. with the foundation material is insured by | 


thorough grouting ‘operations. One important reason is that, 


thro 


: fact that the author’ -weighted- creep criterion produces 


Mr. Lane states that his weighted- -creep » ratios are somewhat : 
less than -one- -half— the ratios of Bligh. However, the application | 


: weighted- -creep ratios given in the paper > will frequently yield base widths 
greater than. those obtained by using ‘the Bligh coelficients. Actually, the 


method is logical and. gives results” which | are, in general, 
more conservative than w would be obtained by the use of the Bligh coefficients. 
This is indicated by t the data in Table 5. 


Nor. —The paper by BE. w. Lane, M. Am. ‘Soc. was published in 
1934, Proceedings. Discusssion on this paper has appeared in Frecesdings, as follows: 
December, Messrs. William Creager, and rz 
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muary, 1985 SUSTIN ON UNDER-SEEPAGE 


90 against 240 oh, would be by the use of 
‘Bligh’s method. In this ease Mr. ‘Tene to be less conservative 
than Bligh, but in the case of an over- ‘flow dam, it is probable that 


TABLE 5.—Comparison or REQuireD Base Wiotus or Dam sy Lane’s Ratio 


is ey (a) Dam on Sanp, or Sit Dam on Coarse 

By Lane's | By Bligh’s |__| By Lane's By Bligh’s 
coefficient coefficient |Column (3)|| coefficient Column (6) 
‘lat _® | | © | © | 


* Weight of horizontal creep, one-third. ty, 


base width required to secure structure to out ‘the velocity or 


the water passing over the dam and ‘to dissipate this velocity sO that there 


will be erosion, would become the controlling factor. ‘Table 5 also’ shows 


“the emphasis placed on vertical cut-offs by the author and indicates that 
it may frequently prove 1 more economical ‘to secure safety by deep: cut-offs 


_Cut- offs. ‘of steel sheet- -piling not always give the same assurance of 
safety asa conerete cut- off may provide. If the foundation contains boulders, 


these: piles may -eurl and split without this fact being detected at the time e, 
with the result that the cut-off is quite largely ineffective. However, with 


most sandy ‘materials, ‘the Use of an adequate high- “pressure will 
E driving the sheet-piling even to great. depths ‘with some assurance that the 


ae pointed out in the paper, the weighted- “creep method does not provide 
. & complete | criterion for securing dams on sands and soils safe against pip- 
ing. Data | on the foundation material of existing dams are far from 


precise. ‘The occurrence of ledge rock or other impervious strata near the 
base of the dam, but at depths n ot reached by the cut-off, may affect, & 


materially, the velocity of the water that may ‘issue from the stream bed — 
just down stream from ‘the toe. Local conditions at or near the toe, such 


as lenses of coarse material, may cause a concentration of flow 


‘increase the ‘velocity of the water at ‘the egress to a ‘point where. there i is 


= The author shows that it is necessary, for safety against piping, that the 
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AYRES oN FROM UNDER- SEEPAGE Discussions: 


ss length of the path of perooletion, ase width of dam, and pear 


ee. cut- off, all based on Darcy’s law. ‘Thus, for r the simple ca: case of no cut-off, 


> 
Q 


in which, b is thn of base; H, the head from hes ad-water to | 
bed at the toe of the dam; P, th f the found inl; | 
"stream ed at t e toe ot the dam the porosity | ot the foundation ma eria we 
transmission constant of the material intercepted, or ‘the weighted 
transmission constant of the “materials intercepted by the line of 
and V, the safe velocity for the water at the point of egress, such that 
g it will not move any of the finest foundation material (with a factor of | aa 
course, Equation (4) is merely a straight derivation from Darey’ s law. 
ee. Be: qi = formula is simple and is based on a an entirely logical concept. The dif- 2 es 
iy i ficulty in applying it is in the choice of y, “the safe velocit ty of tl the water Yong 
at the point of egress. When “sufficient experimental data become available, 
= formula and others ‘dealing with the necessary depth of cut-off on a hee 
similar basis, will prove quite useful for ai iding i in the 1 more precise analysis bap 
of the design of n masonry dams on soils and sands, where relatively complete — 
sub-surface investigations are made, or hme ert ord 
=) The use of the author’s ratios will prove desirable as a basis for preliminary age 
just as ratios used in the preliminary design of masonry 
on ledge-rock foundations. Then, a thorough investigation at the site, in- its 
eluding” borings, test pits, ‘mechanical analysis, , and percolation tests should | tag 
ee be made. In t the case of important structures, model tests should | be included, a. 
by all means. Finally, all these data should be interpreted in the light ¢ of of 
“experience, and the final design prepared : accordingly. godt 
Lou 1s. E. AYRES, *M. Am. Soc. J. E. (by letter ““—The author has made a on 
--valuable contribution to the subject with which he deals. ‘He has collected “is 
critically analyzed much pertinent experience, and his comments wh 
thereon ir indicate a clear grasp of the design elements involved in dams on len 
earth foundations. Iti is ‘to be regretted that the “drawings that show “the 
sions and typical sections” of several of the investigated—at | least, 
for illustration—could not. have accompanied the 
paper presents a new set of arbitrary creep ratios w which, on their to 
ace, appear to be less than one- -half those heretofore recommended by Bligh fou 
and This apparent reduction | has" been accomplished by giving ag 


- greater weight to vertical than to horizontal creep. . Obviously,. Mr. Lane 


4 “Barth Dam Projects,” by Joel D. Justin, M. An. ‘Soc. pp. 1 —181, the 
Hydr. and Elec. Engr. (Ay Lewis, Norris & May), ‘Ann: Mich. car 


Received by the Secretary November 27, 1934. 

* A lithographic set of the drawings may be purchased at a cost of 50 cents per copy 
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might have equivalent: creep restrictions, with that 
- have ‘appeared higher | than those of Bligh, had he multiy plied the vertical creep, 
instead of dividing the horizontal creep, by 3. This is merely stating that 
the new ratios are lower because of a change in definition and in a 
.) ‘Actually, the new ratios permit of a reduction in the bottom width of a dam m 


only if it is provided with a relatively deep up-stream cut-off ; with a shallow : a 3 


cut-off, the bottom: width required i is greatly increased. The. author 8 emphasis 
the importance of adequate vertical creep is eminently p proper. His recom- 
_ mended weighted ratios are an improvement on past usage and afford a . 

t= 


further: step in the direction. taken by Mr. Lane would be 


where it is “practicable ‘obtain an adequate vertical cut- off, Many 


- dams in recent years have been designed on this principle : and many others, 4 


porous: soils, actually depend for their security solely « on their vertical creep 

“distances, ‘The author quotes Oakes, M. Am, Soc. C. E., t to the effect 


. 5 that under dams on piles i in n sand, where p pumping is ; required during construc- 
oe fan ‘it As “almost a certainty that there will be a space between the send 


and the masonry. ” Whether or not, however, ¢e early defined open spaces exist, a 


an average sand and gravel foundation will not. offer” much resistance > 


seepage along a smooth horizontal. masonry surface; and if the seep- 
‘age escapes readily at the toe, t the structure becomes fairly fers underdrained K, 
throughout. Certainly a a dam’s -water-tightness ‘under such conditions, if not 

— its security, depends mainly on the up- -stream cut- off ; and the assumed advan- > 
tage of horizontal ‘ereep has largely disappeared, 


author’s investigations disclosed ‘ “many with a high 


vertical creep.” ” These structures, in the main, are hollow” dams o of the 
multiple-arch and flat- slab types in some of which the supporting abutments 


Test directly on the ‘soil, or piles; such | types depend for cut-off 


lea on a line of steel sheet- piling along. the  up-stream edge. Where there 

ted is no floor between the abutments of such dams there is no bottom along. 

nts which water must creep, and the creep distance becomes, therefore, twice eS 

length of t the cut- off. Obviously, the ‘security of ‘such a structure depends on 


the adequacy of the cut- off, which must penetrate ‘the foundation material to ‘ 


a depth: sufficient to prevent ‘the possibility of a a blow- out. 
., Although | one may admit, with the author, ‘that such a design is putting — 
one’ eges in one basket,” the ‘evidence of. experience shows that “basket 


be quite a reliable one. The author states that ‘ “not a single case was 
found i in | which piping unquestionably took place under a deep | cut- off.’ of He aes 


reports one failure because ‘ “one of. ‘the: steel sheet- -piles of the up- -stream 
cut-off w was pushed down far beyond its proper position, leaving an opening in ae oe 


the off a second failure was due to “defective construction”; and a third 


b= from “ a blow-ovt directly through the foundation material from a porous ‘ 


k Wy r beneath the impervious layer « on w which the dam was founded”; an nd, in 2 
thi is i patance, the vertical ow distance was sth 29 ft with a head of ee 
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_ Where ‘there is no provision. for horizontal creep a either 


because a floor is or the floor i is smaller creep > distances 


twice the head in sand appear to be. on: the bas 


much An important caution in this _eonneetion is ‘that proper 
of an Fs 


‘adequate soil investigation carr ried well bottom of the cut: 


‘most valuable part, by far, of the creep distance i is the vertical path heetiteed, 


along the up- -stream face of the cut-off. ‘The vertical path, , upward, is certainly a 
valuable, For this. Teason the back- -filling of clay, other 4 


contact with a slope | of ‘Lon 1, or steeper,” to 


particularly i in porous ‘soil, are as per. foot of depth as an 


_ The author deals with the py of drainage under dams and aprons 
=: and he Points | out, very properly, the need for caution in location and for care 7 


in design. se Many engineers are ‘still reluctant. to utilize drainage under dams 
: on earth foundations and only a few seem to have taken full advantage o: of the 


iis 
judicious use of drains under such dams. a ‘There i is a feeling that it is unwise 


approach too closely: to the -stream cut-off with a ‘drainage system and 


that ‘down-stream and apron ‘drainage only is “consistent, with: safe design. 
There is an assumption of security ina long horizontal seepage surface and a 


fear of defects i ina vertical cut- -off, Does experience justify either the assump: 
; it, obviously, that drains be well: designed 


and carefully ‘constructed; that they be ‘not so placed as to ‘afford a short-cut 
5385 between head and tail- -water; nor SO built as to be crushed under ‘load or 


settlement, or become plugged or otherwise ineffective. ‘Drainage under lams, 


embankmer nts and in. connection with many other structures ‘subject to 


Edi, upward pressure, affords a: valuable tool in experienced hands, which has been 


Except v under certain special conditions such as: : (a) In very fine 


sands or river si silts where a “floated” dam may be required; or (b) in so 


numerous large bot ulders or which, for other is difficult 

_ to penetrate with steel sheet- -piling, a dam provided with an adequate | cut- off 
ae ‘and ‘a reliable under- drainage ‘system is a more secure and less expensive 
st tructure than a dam without ee, Hetiees: on its weight to hold Netioe 


upward pressure and a relatively long horizo e 
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‘UPLIFT AND SEEPAGE UNDER ON SAND 


us MEssrs. JOEL -D. JUSTIN, (CHARLES T ERZAGHI 
D. Justin,» M. Am. Soc. CO. E. (by letter) **_Darcy’s law, 

ieoaenai in Equation (1) of this paper, may also be written — = —. Referring, 

furthermore, (6), Pe is shown to 


to 
“ the 
= gradient | at the point ‘aki egress and may be very different from the 


average hydraulic gradient. ‘Hence, in addition to ‘the manner in which . 


the author has stated the equation, the critical condition for flotation at the 


a may be stated as occurring when = F, = = 1; or, it may. be stated in 


as, follows: ‘The critical condition of flotation at the toe occurs 


the velocity at the point of « egress is approximately ‘equal ‘to the trans 


fact that is equal to. ‘the author state that in “all 


mathematical or experimental investigations of base uplift pressure or flota- 


tion gradient at the toe, in ‘homogeneous material, the transmission constant 
(Equation (1)), cancels: out.” As shown in this discussion, however, it 


would be equally feasible to eliminate — . from consideration end-use. the 
velocity and the transmission constant as the criterion. 


On the basis of the author’s equations, it might be a by the casual 


reader 1 that all earth dams or all masonry dams on sand, of equal head and 
equal base width, on whatever kind of sand they are founded (as long as it is 


homogeneous) would be equally safe against the action of water, passing 


under the dam, ignoring, for the sake of any cut- -offa, 
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fj 1934, Proceedings. Discussion ‘on this paper has appeared in Proceedings, as follows: ##§# 7 
December, 1934, by Messrs. Edward Godfrey, and Hibbert M. Hill. 


Such a conclusion, however, would not be justified because “escape 


gradient”, or the hydraulic gradient. at ‘point: of egress “may bear 
no relation to the average hydraulic gradient. In actual cases, , this 


“escape g gradient” “may be, and usually is, ‘determined by local conditions at 


any actual case, there are other factors which may m make the quantity of wor 
discharge and its velocity: through the foundation material, a matter of the 


vital importance to the safety of the str of these factors ‘Mes 


‘Fie, 19. —Dam oF MATERIAL on Founpatt or Very Pervious MATERIAL hvd 
: OF GREAT DEPTH WITH Low NaTURAL GROUND-WaATER LEVEL ON STEEP SLOPE. ny 


Thus, for illustrative purposes, two extreme cases will be considered. In 
tn _ Fig. 19, the dam is assumed to be built of entirely impervious material on 

foundation of ‘very pervious material. The foundation material is entirely 

homogeneous and of great depth and { the -ground- water, before building the 

- dam, i is at a considerable depth and on a ‘relatively steep slope ; that is , due sas 

ae the topography and geology of the site, the foundation is free draining. ee 


After the construction of. the dam there is a large amount of seepage 


under it, due to the of the material, | but, because the founda- 

has sufficient carrying capacity, this seepage is conducted away from 

aa aes ‘site without | any of it ‘appearing at the surface of the ground near the toe. 


Headwater Elevationy, _ 


res) 
20-—Dam oF Impervious MarsaraL, on Fouxpation or Very Pervious MATERIAL 
AS IN Fig, 19, BUT wiTH LepGE Rock Near SurFAcCE AND NATURAL GROUND-WATER 
In Fig. 20, , the same conditions occur as ‘Fig. 19, except that ledge cou 
rock | or other impervious strata occur ‘relatively near the ground, surface. ‘the 
The natural ground-water, before the building of the dam, is also near 
ee peor and is on a relatively fi flat slope. » When the dam in Fig. 20 is built anc 
the head- -water water issues: from _ ground surface near 
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pe the toe of ‘the dam. | While Figs. 19 and 20 hypothetical, 
conditions outlined measurably approach conditions at actual dams 
at There is no question as to the safety of the dam in Fig. 19° against: 
damage the seepage of water under it, although the quantity of seepage 
its carried away through ‘the foundation may be “considerable. On ‘the other 


as paid the safety of the dam in Fig. 20 may be: open to serious question. The — ee 


“escape gradient” in Fig. 20 nts evidently extremely steep, and its prediction 
the Attention is to the fact that this “escape gradient” may bar 

have practically ‘no relationship tc to the average hydraulic gradient. In. any 5 a 

actual ease, conditions at and near the toe would determine very largely 


the actual “escape gradient”. If the foundation material i is extremely pervious roe Py a 


(thus | having a high transmission constant), the quantity of water carried 7 a ‘4 


would be large. ‘Due to variations in the m aterial, the flow may become con- 


centrated and “may issue from the ground” below the toe with sufficient 
velocity to carry away, the finer particles, thus starting the phenomenon com- 


“monly kx known as ‘piping. In Fig. 20 conditions are favorable for the existence sa a“ 


a steep ‘escape gradient’ and 1 ‘the possibility of “piping” is a hazard, 
whereas i in Fig. 19 there i is no. possibility of ‘piping” 
ae the “escape gradient” has almost no necessary relation a the average 


hydraulic in most practical eases, it does not appear that safety 


against “flotation” or “piping” can be fully secured by a requirement that 
‘the base of of the or that the length of the path | of “percolation shall be 
a some given number of times the head, regardless « of foundation conditions. we - 
— ia At any | dam site where the foundation is sufficiently pervious so that large ae i 4 
a discharges | through ‘the foundation and high velocities may be anticipated, the | Bi 


§ possibility of “piping” requires careful consideration, and the 
to earth dams built of very pervious material 


wath . Thus, in the case of one dam built « entirely of sand without a cut-off, it was uu . 
‘considered the anticipated seepage would not be of sufficient economic 


we importance to o justify an effective cut-off or diaphram. The anticipated dies 


charge distributed throughout the cross- -section gave a velocity low enough 

ad so that it did not appear that there was danger of moving any of ‘the material. _ ee 

1 oe W hen the dam was first placed in | service e the . actual g seepage was about 20 cu ‘2 ioe 
‘oer sec, which was a little than that computed in advance of 
tion. However, the actual seepage was concentrated to a large extent which 
“resulted i in such high velocities at the egress that it carried with it the finer 
oe “material from the surface. For a time it looked as if the dam might fail due a a 
aver to “piping” ‘through the foundation at one of the abutment s. Fortunately, 
the discharge finally worked back into gravel, too coarse to be moved In 


mob 


course of time, the seepage decreased considerably due, most likely, 


The possible’ effect of : non- -homogeneity ‘in the ‘material of the 4 
‘and abutments, and the effect of ledge rock’ close to the surface causing a Ce 


g 


radient”, had not (the event proved) been given 
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oN UPLIFT. AND SEEPAGE UNDER D DAMS ON ‘SAND Din 


In. ‘the case of built on a ing 
in 


‘When the ‘effect: of ‘seepage ‘under dams on 


th 

wx: re _ foundations, it is of prime importance to the safety of the dam to consider is raed 
fia the quantity of ‘such seepage, its velocity through the material, and its pos- # all 
sible velocity on. leaving the material, In this connection the efficacy of 


blanket. formed a relatively: thin layer cof top. soil will ‘have: great effect 


ee . in reducing velocity and the amount of seepage. . In at least one case, near J oa 
disaster followed the removal of a part of such a natural | blanket. 


n cases where the. escape of a large amount. of. ‘seepage at the toes is 
rcs "anticipated, some kind of drainage system is indicated with the drains partly - of 
clogged by gravel, stone so as to form inverted filters, thus preventing esc 
any of the foundation material from being carried through. Heavy rock gra 
_ fills in the down-stream part of an earth dam with the foundation protected pos 

by an inverted filter : may perform this. function. tonnes 


Terzacer M. Ax. Soo. ©. E. (by letter)“\—In reading Mr. the 


ae 8 ‘stimulating paper the writer notes with satisfaction that the ‘escape + 
—. is beginning to receive the attention which it has deserved for a mee of | 


to problem for n more 6 than ten ‘years, “he ‘wishes ‘to call attention to some 
of the difficulties connected a treatment of the problem and 


"Sy 


sen 


Tow bil tb te 


In 1922, when the writer. derived” for the flotation gradient fac 
_ (Equation (6) of the paper), he attempted at once to determine by experiment 9 cor 
to: what extent this factor can be used as a criterion for ‘the safet y of d dams. cle 


a against piping. The results of experiments. with perfectly, homogenous sands 
= showed that: the escape which piping occurred is equal 


— 
— 4, 
— — 
— 
say 
— 
4 
— 
4 
— 
— 
— 
— 
I 
80] 
epage, 
— 
| les intercepung | dient is equal ae. 
out any sheet-p the escape gra 6 
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head. ‘This actually took place, and, as a consequence, the writer was com- 
pelled ‘o establish the base of his flat- “bottom ‘model dams at a certain ‘depth — 
below ‘the surface, i in in order t to. be able to produce, any’ at all. 


approximately - Piping occurred in the writer’s tests at a1 
escape gradient which was a trifle less than the flotation gradient. The results 2 


Bal some of. these tests are presented elsewhere," * The fact that the critical 
escape ‘gradient. for ‘single rows of sheet-piles is slightly below the flotation = 


gradient has also been explained by the writer.” However, for practical pur- ies 


4 


order to demonstrate the practical consequences of these facts, ‘consider 
factor of safety against piping for the structure shown in. Fig. 21. If 
dam with such a cross-s section is built on perfectly homogeneous bed 

of sand, with no open “space , between the base and the ‘sand, the | escape cet 


ean easily be determined from the flow-net and expressed by a fraction, thus: 


ii which,’ o is a: “shape factor” ” the value’ of which depends on the | details ‘of 


the section as shown by the formul a. The shape factor represents the ratio 


average gradient along the line of creep a1 an 


iti, the shape factor’ is not far 


eross- sections, it can be very much smaller, in the niger case repre- 


sented by Fig. 5 in Mr. Harza’s paper it becomes equal to zero. | The flotation — 
gradient i is (1 — P) (s — 1). Henee, the theoretical factor ‘of safety against 


ata 


The product, (s 1), has an average value of The last 


can be. from Equation (17): For a a given coeffi. 
cient, the factor of safety of a dam supported by a perfectly uniform sand 


‘depends | on the value of the e shape-factor, Go; which | Varies between 0 and more ig 
* Tn contrast to. the assumptions on which Equation (7) is. based, natural 
soil deposits are always more or less. stratified and their average. ‘coefficient pa 


of pe rmeabi lity, ina vertical direction, is. always, much smaller than, the 


.26“Modern ‘Conceptions Concerning Foundation Wrgineering,” b 
M. Am. Soc, C. E., Journal, Boston ‘Soc. of Civ. Engrs. is. 1 
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on TERZAGHI ON ‘UPLIFT. AND SERPAGE UNDER ON Discussions Jani 


ka, in a horizontal direction. From a great number of permeability oblij 


a a tests made > in connection wit! with the design of dams the writer has dicapanae the | 


Be Ra conclusion that the value of the ratio, B= — | can range between | any value 


from about 2 to more than 10. This ‘important al decidedly disagreeable 
prevented ‘writer from: attempting to establish any general rules 


concerning ng safety against piping. If the water percolates. through the non- 
homogeneous deposit in a vertical direction, the hydraulic gradient required Mr. 
for maintaining ‘a definite speed of flow is times greater than that for the 
with the same speed in a horizontal direction. Henee, the line of creep __ 
in a vertical direction has times ‘more ‘ “weight” that in a horizontal 
“direction. Taking this fact into consideration, the factor of safety against 
piping, in a we -homogeneous soil, is obtained from Equation (17 ), in the | == 


oC The last factor in Raneticn. (18) represents the “weighted creep” factor | == 

discussed in the paper™ entitled “Security: from Under- ‘Seepage—Masonry ‘ache 

Dams on Earth Foundations,’ E. W. Lane, M. Am. Soc. Mr. Lane | —- 

assumes that B is equal to (18) shows that the shape 


‘= 


of may vary between 2 10. this. reason the writer welcomes 
Mr. Harza’ ‘suggestion that ‘the analysis of existing dams. s be extended to 
include the ‘influence of the cross-section of the anadation on the escape § Prev 
radient and other vital factors. 
ts _ if the soil profile is relatively simple, the ratio, B, can be estimated from —— 
results of permeability tests. In this case the escape gradient can be 
determined ‘from the known laws of the flow of water through mon- -homoge- ee 


According to methods developed for this purpose, the non- homo- 


"geneous material i is replaced by a hi homogeneous | material with a coefficient b of 
rmeability ‘equal key kn and ‘the horizontal scale of ‘the “section is. 


20 


i, Although the writer always makes related investigations 


"graphically, , ed may also be made = means of the ‘electric analogy method 


Tn most | ‘cases the failure dams with, ‘the of. springs 


13 ft 


4 
4 
i=} 
8 
eae 
fae 
a 
a 


& writer the importance of the flotation gradient, concen 
trated his attention on the practical possibilities connected with reversed 


aie Since the effect of a filter | on the factor of f safety o: of a dam cannot 
be estimated by means of the . formula for the flotation gradient, he was 
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? HI ON” UPLIFT AND SEEPAGE UNDER DAMS ON BAND 
a theory for computing the forces” which are exerted by 


the seepage water upon the soil beneath the ‘filter. 13 Let i = the hydraulic - - 


gradient in the direction of the lines of flow; a = = the specific gravity 
water; and» = the force exerted by the flowing | water in the direction 
of the lines of flow. quantities following relation was 


= 


outs ~ 


making ‘the filter effective is 
ation of the covered means of superimposed loads 
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the paper cited -previously.™ Various possibilities for this require 


Halleiner Wasserkraftstufe im Zuge du 8 
tchinger, Die Wasserwirtschaft, June 5, 1929. Bic 
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TERZAGHT ON UPLIFT: AND SEEPAGE UNDER DAMS ON. 
ment ave Anlantatit in Fig. 22, which is reproduced from a a priority claim filed 
as the writer at the Austrian Patent Office i in 1922. ‘Figs. me or 24 illustrate 


as 


a section through bear- trap weir” The surcharge consist of the 


weight of the water enclosed wi 


| 


BY Wins 


great length a the apron was required, in to insure the 


L 


Ss pee: structure against sliding on its base which ‘consisted exclusively of stratified 
Sa clay 1 to a great depth. _ The surcharge i is produced by the weight of the water 


_ above the rear apron and by that of the dam itself. The efficiency of the Alter 


was increased by several 1 rows. of filter wells F, to Fy (Fig. 24). ios Sis 


Nj ota North Africa, a loaded reverse filter covering an area of about 400 000 
att has been designed - for the purpose of x preventing piping from a storage 

a _ The second | 1 requirement tob be satisfied d by § a reverse e filter i is that 1 the voids 


a _ appreciably with the discharge of the water. _ In his earlier designs, the writer 


specified that the average diameter of the grains of , the lowest layer of the 
gx filter should | be approximately five times as large as that of the largest grains 
of the ‘eovered soil. However, as his ex experience increased, he found it advis- 
able: to “determine, experimentally, in every case he most satisfactory grain 


- size for the bottom layer of the filter. Each one of the succeeding layers is 


about five times coarser than the preceding one. 


2. 


Conclusion 11 of | Mr. ‘Harza’s paper certainly should be emphasized. Owing 


to the le great number of purely empirical factors involved, any theory of dam 
urgently supplementing by the, of. observations on 
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ASYMMETRIC PROBABILITY. FUNCTION 
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By MEssrs. GORDON R. WILLIAMS, AND H. ALDEN 


104 boten OF US aad? sae! Yo broom it 
Gorvow R. JUN. Am. Soc. 0. by letter).” =_The purpose 


[ews discussion is to compare the author’s “totally bounded function” with the 


thes 
posed to delve into > theory herein except to state that it is colin ehaiiiee 


a probability | ‘function should be applied to a study of natural phenomena 


_ which may “result from the combination by summation, multiplication, and 
_ eyclical variation of various causes and conditions in a more or less. indeter- 


_ Any purely mathematical treatment of stream-flow data _ presumes at the 

that all the data are equally reliable. Unfortunately, this is not the case. 


Foenadlagei are usually less reliable _ present- day records, 


accurate determination of extremely high flows is more difficult: than ‘that 
of lower flows. These are are familiar to the experienced hydrographer. The 
probable range of variation from the true ‘discharge cannot be ‘computed by 


any statistical means. a graphical method i is “used to interpret these data, 
F. the curve can be shifted to give ‘more or less weight to certain points, depend- oe 


he To use the author’s method it is necessary to ist ‘all the flow peaks down 


to the lowest on record. Of course, it is a minor consideration that this is a 


“laborious but it is important to consider what’ ‘significance these 
peaks have. There are few rivers” in ‘the ‘United States to- day in ‘which the | 


ny 


low flows are not influenced by ‘some works of Man, and, consequently, 


flows would be so modified, at least in magnitude, as to have no relation to 


4 the frequency and magnitude of the higher flows. There may also be certain. 


. 
m 


~ 
~ 


eo 
Boa 


Norg.—The paper by J. J. Slade, Esq., was published in October, 1934, Proceedings. 
_ This discussion is printed in Proceedings in order that the Views: expressed may be er. 2 
before all members for further discussion. 


s Asst. Engr., Water Resources Branch, Geologteat Survey, Washington, D. 
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ass MMETRIC PROBABILITY FUNCTION cussion ns 


doubtful whether relation. would suffice for the full range flows. | 
graphical methods not attempt to utilize flows below the so- -ealled 


year flood”; that is, the smallest of the annual maximum floods. 
After all the flows have been listed, it is “necessary to assign an upper 


limit, which the author states must be determined | by some extra- 
means, The determination of this upper limit is a matter which is receiving 


careful consideration from many leading hydraulic ‘engineers to- day. If it 
possible to determine this limit accurately, the graphical method as well 
aes the statistical method will benefit. For the graphical method, the = 

will furnish an asymptote that will greatly increase the 
method, in the range between the observed data and the limit. 
From studies of relatively long records it appears any that 
utilizes a record of less than 30 or 40 years will have to be adjusted for long a 
climatic cycles. For - example, any st study ‘that utilized the records of the period, 
ae 1914 to 1934, would lead in many places to a large under-estimate of the flood 
‘potentialities of the region. Phenomena that are influenced | by ‘such climatic 
cycles cannot be studied by _mathematical means alone. 
| _ All the methods for analyzing fl flood and run-off phenomena have weaknesses, 
but a solution the problem will be ‘obtained only through a combined 
consideration of the features of each method. 


Se _ Sussion of probability curves in general, and of ‘the relative merits of the 


severa ypes 0 curves which have been proposed, is contained in this. paper. 


“The author’ s ‘criticisms of the Pearson curves are worthy of note, and should sta 
be helpful to any engineer who has occasion to use ‘these curves in practical - me 
work, comments 8 on empirical curves and graphical methods are also eng 
‘Professor Slade presents a formula for statistical tio 
develo it mathematical with numerical exam les. This formula is ro- to 

"posed as a ‘substitute for other curves (particularly those of Pearson) which ha 
have, been. in use for many years. He specifies several desiderata which any _~pre 
probability function should satisfy in order be mathematically consistent 

and ‘suitable for practical use. The proposed formula is shown to satisfy 4 it 

Tiss 
_ these requirements; but 1 whether it is superior in these respects to the Pearson In 

curves has not been clearly demonstrated. In the writer’ 8 “opinion, all these to 
iderata are satisfied | by Pearson’s: Type I « and Type Til curves, as well as 
can be desired for any practical engineering 
Requirement @, ‘that “the curve simple to apply” does not. 


seem to be from a practical standpoint. Doubtless, the 


curve is easier to handle than some ot! other types of probability fune-_ 

Sone; but it appears doubtful whether the average “engineer would be 

to mi ake ready use of it, due to the mathematical operations involved. — 


Res. Engr., Parsons, Klapp, Brinckerhoff & Dongias, North Platte, Nebr. 
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35 ON A ASYMMETRIC PROBABILITY PUNCTION 


aor is been shown by the writer,* the practical application of the Pearson is 
ceurves (Types I and ITI) ‘ean be made v. very, simple due to the fact that, with < 


these curves, , the distance from the mean to any point on the ore dene 
is ‘directly proportional to the coefficient of variation. This relation does not 


“appear: to hold for the author’s formula— —at least, he does not mention it. 


It was by virtue of this relation that the writer was able to prepare tables 3 
from which the Pearson curves could be plotted directly, as soon as the 


proper ‘values of the coefficient of variation (CV) and coefficie 
. author has given (see Table 2) what appears - to be a 


for his curve, showing variations from the mean at several percentages- a hae. 
_ time, for dilfferent values of the coefficient of skew. This table is computed for 7% 


a coefiicient of variation, » CV, iar to unity; but there is nothing to show | 
of ‘Table 2 indicates ‘that the author’ s “partly- -bounded func- 
“tion gives results v very close to ‘the Pearson Type III curve for percentages- ri 
of-time greater tl than 0.1%; but for r more extreme values of the probability 


scale the proposed formula gives ‘increasingly larger values of the variation a 


% Po apply the new formula to a practical | engineering problem, as shown — vs 


in the ‘examples ‘given by the author, requires the computation of several 


¢o constants i in addition | to the coefficients of of variation and skew. Computation of — 
ordinates of the frequency curve then 4 directly, | means: 


table of ‘the. ‘probability “integral ‘ 
statisticians, is not always” available to the practicing engineer. proper 


method of using thé table, even if available, might easily lead the average — 


foregoing comments apply particularly to the “partly- bounded func- 
tion” proposed by the author. | “totally- ‘bounded 
to involve still greater difficulties from a practical standpoint. 


_ The writer has attempted to examine this ‘paper from the viewpoint of th 
practical engineer. In many respects, the paper reflects’ the attitude of 
the expert mathematician or statistician rather than that of the engineer. _ 


It is quite possible that the author’s formula ‘may have | great potential value 
in general statistical analysis. The e writer d does not consider himself qualified 


C. E., Vol. LXXXVII (1924), p. 158. 
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SECONDARY STRESSES UPON. 


ULTIMATE STRENGTH 


4 


lis 


H. Sanpsere,” Assoc. M.A So (by letter).” ‘—Until recent 
years the analyses of the problems concerning iil stresses and inde- ; 


terminate stresses have been treated in a rather theoretical cand a academic 


Hoy 


"manner. “It. is gratifying, therefore, to read a, paper that discusses this 's problem 


f secondary stresses from a practical standpoint. nav 


16 One point: not emphasized by the authors is the advantage. of knowing the 


old truss spans. of the old, riveted, railroad truss spans, for example, 
4 fabricated with absolute disregard of eccentricity of connections. When 
the theoretical stresses are computed for the members of such trusses the « ex- 
treme fiber stresses are often found to be at, or beyond, the yield point. iT 
In addition to secondary stresses and those caused seriously eccentric 
connections, some old truss spans carry the live load directly either. the 
‘causes extremely high combined. stresses, in 
some cases ; and yet the members are apparently. carrying: these ‘theoretically 
excessive loads without any dangerous over-stress. Thus, engineers acquainted 
with. Fiveted truss spans can verify from actual experience, the 
clusions advanced in this paper. Of course, it is agreed: that secondary 
stresses and | similar stress effects “eannot be indiscriminately, 
x _ It is of interest to note the beneficial effect of the stiffener bar that. was 
welded to the cover- -plate of Test Column No, This method of 
could e applied, readily and cheaply, compression members of existing 
_ old tr ss spans. . Iti is hoped that s some further investigations and d experimental: 


research will be made along these lines. ape 


Norz.—The paper by John T. Parcel, M. Am. Soc. C. B., and Eldred B. Murer, 

. Am. Soe. C. E., was published in ‘November, 1934, Proceedings. This ‘discussion 
ds printed in Proceedings in order that the may be brought bef 
all members for discussion. _ 
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1980—cao or: AND ULTIMATE 127 


D. Eso. (by letter) 2*—The importance of this lucid. is 

* that it evaluates the effect of secondary stresses upon the ultimate strength te 


thus furnishes “considerable information the 


A 


# 


~~ The werd disturbing — im the exposition is that the secondary stresses: 


sometimes are ascribed to the deflec- 


tion. of ‘the truss (see under headings, 
‘and “Analysis of Problem”), edt » ASI IG 


and sometimes to gussets. If the 


first v version were “correct would 


conclude that there are bending. / 


Fig. 22, which | is carved from a single 
“piece of steel and in which every. joint 


™§$tructural Designer, A. D. Crosett, New York, 
2 \ 
_™* Received by the Secretary December 13, 1984, HH. 
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DISCUSSIONS ond 
con 
SPRINGWELLS FILTRATION PLANT, . shu 

DETROIT, MICHIGAN 
or 
By H. ‘STEPH SON, ‘ROBERT SPURR WESTON 
the 
. SrepHenson,’ M. Am. Soo. Rob 
easily comprehended records of design and of municipa al tere 
p ojects, are not presented as frequently as they should be, and the author 
hould— be > commended and for to. class" evol 


‘The writer's direct ‘connection with the water ‘supply of Detroit began 
with ‘studies for the of the Pratt report 1919 mentioned by tain 


‘Springwells Filtration Plant. With this background, the beer 
a few observations regarding the filtration of the water supply of Detroit. whet 


The ¢ experimental filtration plant built in 1917 was designed primarily 

2 to give visual proof of the feasibility of filtering the existing water ‘supply, — i. buil 
nd h improvement in appearance, taste, and purity which would b be brought 
about y filtration. Its successful: ‘operation demonstrated that a satisfactory 
effluent could be pr produced with 2 hr. sedimentation filtration at a 
normal rate of 160 000 000 gal daily per acre. 1 The experimental plant con- — an 
tructed in. 1925, was ; designed, as the author states, primarily to ‘obtain 


eae formation relating to the | phenomena of mixing of chemical solutions with ¥ 
7 r water, the formation of floc, and the ‘settling of the treated 5 water | before ; 
it is conveyed to the filters, “the of Station 


The Springwells Plant, as s built, retained the ate of Mipation - 


“Tessons learn 1ed from tn experimental 
ie 
exe ~~ Nor. —The paper by Eugene A. Hardin, M. Am. Soc. C. E., was published in Novem-_ 
ber, 1934, Proceedings. This discussion is printed in Proceedings in order that the — 
Views expressed may. be ht before all me 
Mount Vernon, N.Y. 
Received by the December 12, 1934. 
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“order: to lighten the work of the ead bie 


addition, to the filter under-drain ayatern, of a line of perforated pipe 


connecting the ends of the lateral - pipes, s, should result in improved distribu- 
tion of wash water at or near the filter walls. The arrangement for operating ie 
the pumps: supplying filtered Water to the distribution mains, called the 
shunt ‘system, should result. in reduced ‘power costs. . Where conditions are 
favorable, this method of operation should find 


fe The methods of unloading, storing, mixing, and delivering of chemicals | 
or chemical are modern and labor- Filter and wash- bi, 


water control are effective efficient. The general “appearance 


architectural "treatment of the plant are pleasing, and 
possesses a filtration system: of which it may well be proud. 


Rosert Spurr Weston, Am. Soc. C. E (by letter). —The -accoun 


‘the construction of the new Filtration Plant at Detroit, Mich. » by its designer, 
which has followed the “Studies. on the ‘Washing ‘of Rapid Filters”,’ by Messrs. 
Roberts Hulbert and Frank W. Herring, is of great importance to anes in- 


terested in the. progress of the ‘art of water purification. da 


‘The plant at Detroit exemplifies the great improvement which has been 


evolved in the method of acquiring water ‘purification plant in the past 


forty. Thi the Nineties one bought a stock filter’ and tried to. ‘make 
it work with the woter supplied to it. good -ready- -made fits were ‘ob- 
tained, and some of the purchases—Biddeford, Me.; Providence, 1 R. 


Elmira, N. Y.; Atlanta, Ga., , and « others—are still in wi “use, although some hav 
been “ze-tailored” P in order to fit their waters better. “Many others of these 


Now, as exemplified at Detroit, one studies the be treated and 


builds a plant to fit it. As the author has shown, the first requisite | is proper if 
treatment — coagulation. W ith proper treatment, almost sand “bed 


produces good results; ut it, the excellent. one designed by the author 


mig ght fail ex even if it is true that the proper treatment of the ‘Detroit River oo 


water is not as difficult as that | of unstored, colored or turbid waters, such i 
those of of the Dismal Swamp, the Ohio River, or the Mississippi River. Be 


For example, "inadequately treated water, it probably y would be 
impracticable, even at Detroit, to sand as coarse as that having an 


effective diameter of 0 55 mm, or beds only. 20 in, thick; also, it would 


probably, be impracticable to use a system of pipes for under- 


- Naturally, the ideal system. in . mixers and basins for chemical treatmen 
ad coagulation: is 8 turbulent mixing after the addition of chemicals, to be 


followed, int turn, by slow mixing and -subsidence,. the velocity of flew: in 
ins ‘roughly conforming to. a decreasing parabolic curve which reaches 


Cons. Engr. (Weston & Sampson), Boston, Mass. 
Received by the Secretary December ak, 1934. 
, ‘Journal Am. Water Works Assoc., Vol. 21 (1929) 
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its. minimum just before the is applied to filters. In practice, this 


ideal is approached “ step- wise”, but invariably there are ‘pipes and channels" 
between mixers ani and basins an nel: between basins and filters in which velocities 
are increased even to a degree that damages flocs. formed previously 


é 


large a plant, influent cand effluent -yelocities of ft per. ‘see, which, 


‘while, high in comparison with the velocity of 2.8 ft through the 


basins, a are lower than those obtaining in many other plants, Especially 
praiseworthy is the simple: system of distributing the basin influent, 


in cases: where silt-bearing waters are treated there is ‘something 


rr 


basin; also, where colored waters are ‘treated, eee 3 is something in favor of 


approach the ideal of multiple orifices discharging from a large. tank. Ex- 
perience shows that great damage is done to. sand beds for which the 
wash- water distribution is “uneven, and unbalanced hydraulic conditions seem 

arise in certain designs of pipe manifolds ; which 3 no reasonable thickness 
: gravel beneath the. sand seems to ‘correct, although Gore, in- Canada, , has 
used layers. of cemented gravel for this correction, with reported | success. Le 


- The recent. design of the Mahoning Sanitary District filters,® using false 


Fa bottoms supporting © Wheeler ‘pyramids and balls, and ‘providing a large acces- 


sible water space beneath, seems to be superior to any pipe ‘system. The 


‘The selection of -wash- water rates of from 30 39° in. per min for a 
sand having an n effective size of 0. 50 to | 0.55 mm, ‘is interesting to the writer 


because, i in 1913, he made experiments at Concord, Mass. using ¥ various types 

of sand. _ From these experiments there was derived an optimum velocity of 


0 in. for a sand having an effective size of 0.55 mm, at which velocity it 


was estimated the sand would expand 39 per. cent. In ‘these experiments, 


however, no attention ‘was given to variations in viscosity, ‘of wash-water due 
In conclusion, the writer expresses “admiration, only of the 


; "simplicity o! of the design, but of : the fullness of the data presented i in the paper, 
data truly useful to designers and users of other plants. 


B 


8 Vol. 111 (1 83 1 
‘Engineering News-Record, Vo 1 (19% ), Pp. 317 
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EXPERIMENTS CONCRETT 


By H. J GILKEY, A. AL EREMIN. 


“this paper, of representative “illustrations of ‘torsional: stresses in ‘concrete 
structures, ‘might be added Further enumeration “seems un- 


necessary because tl the frequency of their occurrence and the need for “more 
information « on the torsional behavior of. concrete must, be to any 


thoughtful concrete ‘designer. fe | 


the paucity of references cited under ‘the Dy Previous 


tions” . Moreover, every investigation noted was | conducted outside 
“the United States, 


with the extensive 


construction and testing of 
models of the Creek and Gibson Arch Dams at the University 
Colorado, by the U. S. Bureau of Reclamation i in Co-0 operation with the Com- 


“mittee on Arch Dam Investigation Engineering Foundation. ‘Some. of 


these data reached publication in May, 1934,” and, , therefore, wu: ve not avail- : 
able, i in published form, until | after Mr. Andersen’ 8 paper was ‘in print The 
tests included “no ‘specimens reinforced against torsional stresses, but s 


of the results ‘supplement Mr. Andersen’s tests on plain concrete in an jnter- 


= 
& In this. discussion it is proposed to avoid repeating, as far as is reasonably Ag 


‘possible, material available in the published by makng specific refer- 

.  Notre.—The paper by Paul Andersen, Assoc. M. Am. Soc. C. E., was =e in 
May, 1934, Proceedings. Discussion on this paper ‘has appeared in Proceedings, 
follows: August, 1934, by E. Mirabelli, Assoc. M. Am. Soc. C. E.; October, 1934, by, 
Mesérs. Frank M. ‘Russell, and Leslie Turner ; and December, 1934, by A. W. Fischer, Heq. 
Prof. and Head of Dept. of Theoretical and Mechanics, Iowa ‘State Coll, 

17 “Tests of Models of Arch Dams and Auxiliary Concrete Tests Conducted by the 
Bureau. of Reclamation at the University of Colorado,” by Bngineering Foundation, Com- 
mittee on Arch Dam Sub- Committee on Model 1934) 
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ON ‘WITH CONCRETE IN Torsion Discussions — 


arch dam is flexural, tensile, and shearing 


“stresses. Torsion i is, of course, a rotational shear. =o interpret properly the 


data obtained from the models, it was “necessary to now the stress-strain 


properties of the material | for each of these several types of stress. This" 


ie involved, among o other ‘things, the determination of Poisson’ 8 : ratio in compres- 


fi 
sion, Young’s modulus in compression, flexure, and tension, and the modulus 

of rigidity, or the corresponding shearing modulus. Thus, for two different 


i 


ns ~ concrete mixtures ( that of the Stevenson Creek model and that of the Gibson 
coon there are available for direct comparison, results from all these several 


types of test. While the numbers of duplicate ‘specimens are not large (ex. 
cept in the case of compression) the tests. were well controlled and carefully 


executed, with the result that few v values appear to be appreciably ‘out of line. 


a When the Stevenson Creek tests were planned, it was expected that the 
fee stn of the model would be i in . the air- dry condition | and it was necessary, 


—. to make 1 the control p program cover a range of cases which i involved | 


~ ae wt 


drying out in air for different lengths of of time after various periods « of moist 


curing. Later, it ‘proved desirable to keep the model moist at all times up ‘ 
ind during the testing period, but the original varied curing program was h 


oo 


for the auxiliary model tests of Stevenson Creek Dam. 


This gives a wide 1 range » of strengths ‘obtained by the variations in ‘time and zs e: 
_ nature of curing and i in the saturated and air- dry conditions at test. _ Thus, + 19 
while the effect” of varied curing conditions is only of secondary interest 
here, the different ‘ages, curings, and test conditions do ‘supply additional 
"The test data appear in Table 5. Tt is to be noted that ‘the details con- 95 
cerning curing and testing (Column (2), Table 5) given in 
4 
4 Ee, Table 6. The torsional and flexural | ultimate stresses in Column (4), Table ‘x he 
41 
is 
inertia; from neutral axis to extreme fiber and f = a unit fiber 
ional and flexural of 46 
loadings. ‘The ultimate shearing stress at fibers in torsion reduces 48 
approximately three- fourths of that given by Equation (36), and in 
flexure the ultimate stress is two-thirds the modulus of rupture. These values 
gan 48 “Materials of Construction”, by G. B. Upton, pp. 52 and 78; or Johnson’s “Materials — es. 
of Construction”, rewritten by M. O. Withey and James Aston (1919), Fifth Edition, a (55 
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In TEN THOUSANDTHS 


OF AN INCH PER 


elasticity, 
in millions 
of pounds 
per square 
inch © 


7 days... 
7 days... 
7 days... 
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3 months. 
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1 year. 
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year.. 
year. 


Standard... 
Standard... 
Standard... 
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Standard... 
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Standard... 
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January, 1935 on EXPERIMENTS WITH CON 
# 
Compression! 1780 |... | mmm) 5.00 16.50 
267 075 | 230 
en} 3200 | ... 20.500 
‘| 975 | 048 | 110 
lyear....) 8W4AD..| Flexure.....) 850 | 567 if 93 
ly AD..| Torsion....| 639 | 479 6s 
—lyear....| 3W9AD.. 2:15 | 5.13 
ues ly 2W 12AD.| Tension....| 250 | ... | 2.42 
o6 | ... | 1.94 5.50 | 17.70 
jon, 55] 1 year....| 2W 12AW.| Tension....| 220 | .. 3 | 3.0 


PounpDs PER In TEN THOUSANDTHS 


wh Gu Square Incu or an INcH PiR 


Total age | testing in millions 


(by ‘| Per square 50% of Ultimate 


4.70 | 19.20 


Torsion....| 297 | | 

; 0.91 

45 


S585 B58 


VA 
Standard... ion| ine 
Standard... i iy 
Standard... 


* See Table 6 for details of ouring and testing 


in which, = = unit Ralattstian in extreme fibers at mid- “span; y = measured 


mid-span; d = depth of beam; and L = cléar span. Torsional unit 


_ deformations are computed from the formula: 


, Curinas, AND” . Test Conpitions 


Moist | Air of number 


= 


° 


1 7 days...) ... 11} 7W 12A D| 7 days. 12 months*| 1 year.... 
12 | 7W 12AW| 7 days...| 12 months* 1 year... 
13 | 2W 12A D} 2 days...| 12 months*| 1 year. 


Ay 14 | 2W 12AW| 2 days...| 12 months*| 1 year.... 


3 months} 9 months 


3 months| 9 months 7 days... 


{ 


28W 11AD} 28 days. .| 11 months Standard 28 days. 28 days. . 
28W 11AW| 28 days. .| 11 months Standard months 5 months Wet 


dak 
— 10 
— 
days...| Standard... 20 ho 
28 days...| Standard... | 1 Te 
— 28 days. ..| Standard... 3 
| 83 28 days...| Standard... da 
64 | 28 days...| § 
| 28 days. 
— 5 months. Wwe 
— 67 | 5 months. an 
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‘ages, and test parson Items Nos. 1 to 4, ‘inclusive, , and ‘Ttems Noo 15, 
16, and 17, were tested after undergoing the standard moist curing for the 
periods” given in. Table 6. The remainder were cured in the air of the 
laboratory for the stated periods, after being cured moist. Items Nos. 6, 
10, 12, and 14, however, differ from the correspon ding test, Items Nos. 
i 9, 11, and 18, in that they were immersed for 24 hr prior to the test. i) 


In Series I I (Table 6(a)) the concrete mix was 1: hess by weight t; the 


and the aggregate was granite ‘screenings of in. ‘maxin 
‘Moist curing w was by immersion after removal of the moulds at two days, 


Specimens exposed to air at the age of two days were immersed for about an 
hour imm mediately after the removal of the moulds (see Items Nos. 13 and 14, 
‘Table 6). It was unsafe to handle the slender beams" prior to an age of two 


i 


“days and it was deemed desirable that all moulds be removed at the same age. 


| In Series (Table 6(b)) the ‘concrete mix was 1:2}: 2 by weight; the 


water- cement ratio was 1. 00 (7. 5 gal per sack of cement) ; the slump was 
is the fine aggregate was sand from 0 to No. 4 “mesh; and the c 
‘aggregate was pea gravel graded from in. to ti in. 


for both series of the same ‘kind, as follows: 


40-in. d at the and tested on a in. 
span; tensile specimens were 3 by 12-in. cylinders, the ends of which were 


clamped i in spherically seated grips; and. torsional specimens were of the same 
type as the tensile specimens. _ Each compressive result in Table 5 is from 


at least five tests on duplicate specimens. . Other test results are from two or 
“more duplicate specimens. The agreement in results obtained from companion _ 


- Table 7 " contains several types of ratios useful in appraising the results 


“of the tests. For example, in ‘Table 7 (a), are listed the ratios of ultimate 


strengths in compression, flexure, and tension to those in torsion. _ This in- 
cludes both the apparent flexural and» torsional ultimates and the actual 
strengths, a as determined by Upton’ 8 method. Table 7(b) gives similar ratios 


for s stiffness, the property of which the modulus of elasticity i is a measure, pct 


Table 7 (c) shows the relationship of maximum linear ‘unit deformations 


in the extreme fibers i in torsion to those i in compression, flexure, and tension. _ 


Ratios are g given for the ultimate deformations (that i is, those corresponding Bt 
tot the ‘maximum | load carried) and for deformations corresponding to 50% = 


of ‘the maximum load carried. The relationship at 50% of the ultimate load is ie 
the more significant value. since it lies virtually within the elastic range of 


Ee for the mixtures of these series, * and is more dependable than ratios 


based on 1 sti trains which observed while the specimen was 
rapidly and at ‘the e point of fracture. Nevertheless, the uniformity of the 
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Discussions 
Compar ARISONS OF ‘Torstonat, Properties | WITH THose, IN 


(a) Ratios or ComPREssIvE, FLEXURAL, AND | (b) Ratios oF pes 
‘TENSILE STRENGTHS TO THE TORSION Torston to | TO Thee IN 
STRENGTHS or CoMPANION SPECIMENS §| Tray Compres- | FLEXURE, AND TENSION 
Modified |  Tenstonf | At50%of Ultimate} 
Load —s_| At Ultimate Load 


Torsion 


compression 


(a) SeresI 


SERS 


GO G1 G0 OF 


0 SS 0000 


o 


im 
SSSRREBRS 

WEN 


orm 


| 1.77 | 0.68 | 8.95 | 1.57 | 0.90 | 0.48 | 0.43 
7.80 | 1.23 | 0.68 | 10.50 | 1.09 | 0.91 | 0.51 | 0.47 0.48 0.23 | 1.58 2.78 0.16 | 1.62 

0.58 


1.17 | 0.70 | 10.50 | 1.04 | 0.93 | 0.68 | 0.62 0.26 | 1.92 -35 | 0.18 | 1.66 3.64 


7.82 


* For details of and testing conditions, see item — in Table 6. 
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Table 8 | supplies ‘comparisons of the age-strength relationship or the oerern! 


Ss of loading for all s specimen s that have been | “standard cured”, 


TABLE 8. OF THE STRENGTH | FOR STANDARD 


(Rates or INcREASE aS PERCENTAGES oF 28- Day Strencro) 


centage centage | ‘centage pounds centage 
|of 28-day} per of 28-day | of 28-day| per | of 28-day 


28 days.. 3200 | 100 570 | 275 413 
| 3months.| 4250 | 133 | 652 | 
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anuary, GILKEY ON: BEPERIMENTS WITH CON 


7 Fig. 13 shows the torsional testing 1 rig which was s devised for “these tests — 


an the essential features of which were utilized for many iy subsequent torsional % 


tests of the ‘plaster- -celite mixture used in the model of Boulder Dam and in 

Boulder Dam concrete conducted by the U. Bureau of Reclama 


jon 


wn 


these tests it convenient 


to hook the rig ‘the system of a hand- -power beam testing 
which made it easy to apply known increments of load. Torque 


entirely free of bending | and excellent spiral | fractures were obtained in all : 


tests. The spiral fractures in these tests were than that shown i 
Fig. 8 0 of Mr. Andersen’s paper. Any bending would to shorten 1 the 
length of the fracture; or the difference may ‘come from differences in ‘the = 3 
behavior of the respective | concretes used. The angle failure for Fig. 5 
of ‘the paper is more nearly similar to ‘the breaks illustrated in Fig. 14 ‘ 
| The latter view shows some typical fractures and more detail of the rig. 


and the troptometer which was. cused for measurements of detrusions. Two a’ 
per specimen “were - obtained. first break the tropto- 


en. the of the unbroken part of the specimen was 


affected by the first since second tests gave strengths that were some- 
times ‘slightly greater, and sometimes slightly Jess, than those at | the first test." 


For a complete drawing of the rig and troptometer, see 455, of the 
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oN EXPERIMENTS WITH NCRETE IN TOR 


Fie. —Deral, of TROPTOMETER, AND TYPICAL TORSION 


show the three sizes of specimens fall with 
* “The compresso- 


of Tlincis, Portland Coment and others. However, 


2 their vu ‘use on. specimens as small as 3 by in 1. and 2 by ‘4 in. had not been 
attempted elsewhere. The latera were improvised for these 


tests and similar ones have since been devised by various laboratories. Te ane 


Fic. “165. —ComPrEssI VE 
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‘SPECIMENS WITH LONGITUDINAL COMPRESSOMETER AND LATERAL 
ee a sig + See, also, pp. 467 to 469, and pp. 472 and 473, of the Engineering Foundation, Arch Vol. | 
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Fig. 16 shows the tensile grips, the tensile extensometer (the one with 


the “last-word” dials in the background), ‘and a number of representative — we 
tensile b breaks. In the foreground, and at the extreme right, are shown parts of ie 


another extensometer” not used in these tests. tensile extensometers were 


—TEN SILE AND TENSILE EXTENSOMFTER, ‘WITH A NUMBER OF REPRESENTA 
d 


leveloped for these tests: and the were patterned after 
previously used by the Portland Cement Association. After one test, with 
stress- “strain data taken, several additional breaks with only the ultimate 
load observed could be obtained i in the tensile tests. . The strengths agreed 


well with those from the first break, as was true, also, for. torsion. 


ci study of Tables 7 7 and 8 appears to justify the following generalizations ee 


within the scope of these tests: 


1—From Table | it is evident that the apparent ultimate 


strengths (Eque ation (36) for My; at ultimate) can be expected to be — one- 


124%) fae average ale The true ‘or modified torsional 

by ‘Upto n’s method, Mt Pe (see Table 5 ‘na text 

tion relating to it), will be about one- -sixth, or 17%, of the ultimate Pane 


2-—The apparent v ultimate strength in torsion is about 70% of the ap 
parent ultimate strength’ in flexure (Equation (35), and the teats torsiona 


Ww 
strength is about 807% of the trua = M “4 as obtained 


%: 3.—The apparent strength in torsion about? 25% greater tha 


the observed nsile strength, but the true | tc trength is the same as the 


4 — 
| 
— 
Wy — 
— 
— 
wal — 
ese 
Qh 
— 
— 
— 
We | 
= — 
— 
— 
| 
TERAL 


ISCUSSIONS 


ten nsile strength as determined by test. n this: score 


y as it. was in the writer’s “tests. and also in Mr. Andérsen’s 
cs torsional tests, , it is possible | that the torsion test gives the better measure of 
tensile strength. While the ons ile grips themselves were spherically seated, 

it is. still ‘possible for some imperfection in alignment to occur at junctions 


specimens with grips. ‘Moreover, the tightening of the grips: ‘no doubt 
the er cross-sections for a few inches from them. ‘a small ‘part of 


: _ the material that lies in the path of "torsional fracture can be located near a | 


: grip, _ whereas many of the tensile fractures were within the 1 in., or =) in, of | 


a grip. he excellent agreement | between tensile strengths corrected 


torsional strengths is re- assuring, however, and indicates no 


0. 50, with the probably between 0. 


and 0.45. T he values pie flexure and tension are practically ‘the same, w which 


is in agreement with the "general conclusion. from researches that 
the of elasticity, of concrete is practically the same in 


would lie between 0.435 and 0. 40 E, to the forma 

modulus of ‘elasticity in ‘Shear (modulus rigidity) 


Y= 
f E = modulus of elasticity; a and ¢ = Poisson’s ratio. 


isson’s ratio was determin or alls cimens ested in compressio nC 
_ Poisson’s rati lete ed f ll spe te ted i compression and 


‘was found to lie’ between 0. 15 and 0.25, with about 0.20 as a fair cornet 


variable ‘richness mixture, curing, or test condition, ete.) ex ‘except 


slight tendency to increase with the age at test. under standard ew curing. 


pe ‘This statement is based upon many test results from many different series 


and mixtures. . The extreme range is from about. 0. 10 to slightly more than 


1.30, the higher values: having be been from specimens | several years old at test. 


5.—From Table the torsional linear unit displacement at the 
treme fibers for 50% of the ultimate load is ; about 0. 25 that in compression, 
1.5 that in flexure, , and more than three times that in tension. — The ratios at 


ultimate load differ little from these values. In n noting the fact that maximum 


torsi nal deformations exceed maximum tensile deformations in a ratio of 
"virtually 3 to +. it should be kept i in mind that the average torsional deforma- 


is much less than the maximum. The same thought applies likewise to 


the beam which finally fails progressively, n tension, as does the torsional 
—Table 5 shows wide variations it in strengths, moduli of elasticities and 
deformations for the different ages, cu ings, a nd test ‘conditions. Iti is 


% See any textbook on Strength of Materials, such as that by James BE. Boyd, Third 
Ti, pp. 476 477, 487, 
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‘tremely satisfying, tl therefore, to ‘not ‘one variables 


to have any consistent effect upon: the r ratio of the torsional (or other) 


. In 
words, variations in 1 mixture, material, a age, curing, and test 
“effect the compressive, ‘flexural, ‘tensile, and torsional properties in essentially 
the > same manner and to the same relative extent. - (Support for the author’s “Ae 
Conclusion 1 follows as a corollary of the writer’s s Conclusion 6. le 
awe as to the relationship o of age to ‘strength for the stand 
"eam are brought together i in Table 8, in 1 which the rates of increase 
strengths with ages” are expressed as percentages of the re spective (28-day 


strengths. In general, the torsional behavior is very similar to that in flexure 
and tension. In all three of these respects, a higher percentage 2 of the ultimate — a 


strength is developed in the early stages of the - curing period than for com- 

pression. Not all the data for Series IT support this statement, but other — 

tests bear it out as far as_ tension and flexure are concerned.” 
i 


Inth this discussion no ‘mention has been made the relative toughness an 


resilience of the. concretes in ‘compression, flexure, tension, and torsion. ‘Th ee 

areas under the stress-strain diagrams are taken as measures of this | property. “e 
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A. A. EREMIN,” Assoc. M. Am. Soc. C. E, (by letter)” —A new method 


of computing the hinting stresses distributed i in n plain concrete and reinforced 3 ee 


concrete members sustaining torsion, is ; developed in this paper. In his tests. 
‘the a author studied the characteristics of members with square and round sec- * 
tions. In bridges and buildings,” however, it occurs more often. ‘that the 


“members ‘sustaining torsi on are of rectangular section. Torsion shearing 


_ *%S8trength-age graphs are shown for the same tests on pp. 461 and 526 of the. 
Engineering Foundation, Arch Dam Investigation, Vol. 


Il. On pp. 525 and 526, the 
torsional strength at 5 months should be 605 instead of 570. For the various curings — 
and test conditions plotted graphs can be found on pp. 429, 438, 463, 464, and oe 
_  %Graphie comparisons are shown on pp. 496, 497, 588, and 540 of the Enginecting 
Foundation, Arch Dam Investigation, Vol. II. 


Assoc. Bridge Designing Engr., Dept., “Div. of of State Highways, California 
Public Works, Sacramerto, Calif. 
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may be analyzed by means of Equation (13) or Equation (14), assuming an 
.. ff The maximum torsion shearing stress along the center, of the wide. side aa a 
3 at 
ma 
onal 
— 
and 
nln i 


a) 


= width of aa narrow face. 
(23) aad the equivalent ‘round section 


In a square section, 2B=2 a; therefore, Equation (41), ‘the radius: 


of the equivalent round section for a: a square is pe = 1. 02 B, or, approximately, 
a circle inscribed in the square, as shown by. the author. 


Cea The efficiency coefficient for steel reinforcement at the wide and narrow | 
aces of a rectangular member may be computed by | Equation (15). The 


efficiency coefficient of steel along the narrow side of a rectangular section 


‘y must be reduced by the ratio of the maximum shearing stress along the narrow 
side to the maximum ‘shearing stress along the wide side,r, 
es ‘The ‘maximum torsional shearing stress along the center of the na: 


rrow 
+ 


yy 


= 


sections for which the ratio, “varied. from square section “proportions to 

For more conclusive results further theoretical and experimental 

we due in the w wider 
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